1 THERMOGRAPHY BASED SYSTEM AND METHOD FOR DETECTI NG COUTERFEI T DRUGS
Field of the Invention The present invention rel ates |n eneral to the
field ofVe¢3UWWENPRi t detection systens. In particular, gldzﬁ?séﬂé’ i
invention relates to a system and nethod for detecting count erfeit of
phar maceutical products. Mre particuylarly, the present invention relates
to thernography based system and nethod for detecting counterfeit of
pharmaceuti cal products, which operat es in the MFR or LWR range.
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Background of the Invention

The pharmaceutical industry is a multi-billion dollar international
commercial field. Like many industries however, many of the products of
the pharmaceutical industry fall prey to counterfeiters who manufacture
substandard or fake imitation products, and sell them for a fraction of
their real market price. Worldwide, the percentage of drugs that are
counterfeit has become high enough to seriously impact the revenue of
major pharmaeeﬁtical companies. Kven more serious is the potential

health risks involved for the consumer of counterfeit drugs.

Besides the infringement of intellectual property rights as well as the
breaking of other governmental laws, the Federal Drug Administration
(FDA) does not vet have an all encompassing solution to the

pharmaceutical industry's counterfeit problem.

There have been several attempts by the prior art to overcome the
problem of counterfeit drugs, however, each of the prior art solutions has
drawbacks associated with it. Some prior art fechnologies utilize RFID

and bar coding to read the package labels to determine the authenticity of



- 2 - the contents contained therein. This, however, does not necessarily
provi de accurate results since the product itself is n ir | v _anal yzed.
The pri SO al so devel oped drug authenticating p?%%"gfﬁzﬁ&z@l%sgsed on

t he concept of the spectral signature. Every drug has a unique spectral
signature (or, fingerprint) determ néd by its nol ecul ar conposition.
Infrared (IR) spectroscopy is used to determ ne whet her the nol ecul ar
conposition of the sanple product is identical to known spectral signature
of the t hent.i r : r PYh e SefotohespeatiiPscopy

t hat de%ﬂge ﬁ%bt&%t%egﬁ%ﬁg?%gt}?%%%'nqgﬁg’t ﬁlg‘%‘;é%i r%drgggneti Cc spect rﬁ)m

| nfr ar edy &ReEd LOREARY réxbtOsinse the phadicttitalf mohecdirestinavelsggdei fi c
frequencies at which they rotate or vibrate in relation to discrete energy
| evel s. US 6, 395,538 deals with the fields of bio-manufacturing and

i nfrared ectros , particul ard A i g and | of a
bi omat .erri[‘g PIEGy ?‘H%gfg‘giysaﬁég d:eﬁf egé%do%%ugqq %13#}4(3}%%33&(:5%11\%8%%%?@(: eg%gagia%ag

| ngr edi ety FRUkeSr $HABSRE Lighibaled Bpag! fose i houtised dpetmdi tor the
production of a bionplecule and to fingerprint, both qualitatiyvely and

quant i t agigwekyre t(oe Hingemptiedil éetarmdnéd ebynitssaglesuls FOBPORHHIF-act uri ng
process. _US 6, 395,538, which as said relates.to a,spectr0s ed
system {sfrgrabh SPYUHERTARY i Pﬁe{g&@n‘h‘%}ef’@il?e il %egnh?%gg@éﬁ‘%%%oi al
|l evel , and.th 0 temi et Bp QLL1CHEh Al

SR PEE RSN BR  soirpnae Do by Axeram g

difficul f sSuc e authenticity of a plurality of

phar naceut isakuiaguchsdeent BR spectnbddopn iatse ahibseipativrgosu®yotlss3s, 447
pertains to the screening and identification of materi

s s as
phar macedeiksaiidy thosaltpreodaeswrnel e RCkATRERFIG FPSH BREt S Helhi ne. The

invention utilizes an,arr i i _ K t e T : f US

6, 853, 44TPHAFPUPRE SPEALT gg%ff%%}d PRS: H1SRACd HAVE Sldc {ﬁ% @%%%?t%a. In
contrast Vﬁﬁ%l@ﬁﬁﬂg{r&%@gy Wik=2h iHebRaidh théiskemelerelgy bevdlR 3 emi ssion from
an object and the distribution of the IR em ssion fromthe object,

spectr.oscopy checks IR reflection fromthe product, or nore particularly,
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it problematic to operate when the phar eutical product,is.in liquid
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i nspection. US 6,771,369 relates to the validation and identification of
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As descri bed above, operation in these spectra only allow detection of the
external surface of a product, therefore, each drug nmust be inspected
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system of US 6,853,447 performs spectroscopy in the near IR and short IR

spectra. In contrast to thermography which d_etects the level of the IR



- 4 - by athin layer of, for tnstance, gelatin, which blocks the detector
device fromdetermning the authenticity of the drug. US 7,126 685

descri bé@oﬁw’%’b’f@%al absorption spectroscopy method co Wfs%{’ﬂgdo%?ggvi ding a

contai ner such as a pharmaceutical bottle containing a sanple, rotating the
container, directing a beam conprisizng one or nore wavel engths consisting
of visible wavel engths, infrared wavel engths and ul travi ol et wavel engt hs,
and nmeasuring characteristics of the beamafter it passes through the

container. US 7,126,685 does nqot deal. w.th detection of: co rf,gi t drugs,
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~ Thi s%Qi s "”lﬁ‘%%eﬁf@gsettaggéhgkg%g}to\ré‘%scopy which relates to the spectral _
distrjbution of. the reflection fromthe object nostly in the NIR (near IR)
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the surroundi ng. GOOL2;0eL ARt NG o BleatibEl BaEREs Lhel oblidation
system preferably utilizes visual (Vis) and mnear infrared (NIR)
spectroscopy to analyze and identify the contents of the filled presc?iption
vial by measuring the chemical signature of the items. Other variations
can also be used, for example, various forms of optical spectroscepy, UV-
Vis, UV-Vis-NIR, infrared or Raman spectroscopy. The system of US
6,771,369, similar to that of US 6,858,447, produced by the same company,
performs detection only In the near and shortwave IR spectra. As
described above, operation in these spectra only allow detection of the
oxternal surface of a product, therefore, each drug must be inspected
individually, outside of the container. On a commercial scale, such a
limitation is o severe hindrance to the efficiency of counterfeit checking.
Moreover, it is problematic to check a pharmaceutical product in the ligmd

state. Additionally, as described herein above, many capsules are coated



Wil e thermal based systens, particularly in the field of thernography, are
well exploited in areas such as mlitary/security syste non destructive
testi ng,wﬁﬁawﬁ%m%al i mgi ng, such systens have never Bgiﬁf%oﬂa@@ngged for
detecting counterfeit of products, particularly in the pharnmaceutical

i ndustry. Enbodi nents of the present4i-nvention provide nmethod and system
for determning the authenticity of a pharmaceutical product that overcone
t he drawbacks associated with the prior art. Enbodi nents of the present

i nvention prqvide nethod and system f.or t i t.h lseaty of a
phar mac e ic ﬂ&@é{@h@? %§} e Ceofgg% & ’W%E‘%%ﬁ“y&}%@g%w &%1%%#%:%%}1%% an IR

| magi ng gyst L6108 Al@enkiter A Rugr LWR spectrum - 6 -
Enbodi me%@lg e?%éﬁ%l esent | nvent iy}(}ﬁf provi de nmet hod and system for
determ ning the authenticity of a pharmaceutical product by nmeans of

passive or active thenography. Enbodi ments of.the present inyentien provide
met hod ab® sUSL6M86hateserhes ngﬁe&p%%f@gga%’ﬁqlé’tﬁmph%%‘?g%oéq’ﬁ??%a\#aegg%guct and
determ ne counterfeit. E di NEhhAveREHaf P tlde net hod
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product , ,&¥e-0Msauirit dertatinththgrasiattepaikagme areamhicommessEnot

requi re openi ng of the package. Enbodi nents of the present i.nyenti.on
provi de om¢ had manck sysralangiis confistish et V%@edﬁwwhéodﬁ‘%xﬁgi t of

plurality of pharnmaceutical. products t 1RgeEHe st t hout
need forW@ﬁéFﬁQ’%&?Wé‘ H&%&E&e%ﬂﬁgﬁfeﬁﬁgﬁé’ %%g_trﬁgg%%giggn% FAvention provide
method and gy SLem bhat i BasiaspacheANthdehnnmidte o N1 2e bebtdak not
pharmaceut i cal” products fromthe outside of a nmulti-Iayer packag?.
deal with detection of counterfeit drugs, let alone on a commercial scale,
and therefore does not provide solutions to the above-mentioned

counterfeit problems of the industry.

In the prior art, the development of IR technology for the detection of
counterfeit drugs has been entirely limited to the field of spectroscopy,
particularly near IR. Near IR spectroscopy is restricted in its detection
capabilities since it is limited to surface (e.g. drug coating, outer
packaging, etc.) reflection. In spectroscopy, the molecular structure of a
pharmaceutical product is measured in the frequency domain, and the
distinctive curvature is analyzed with corresponding lsignatures to

determine the authenticity of the drug.

Thermography is a type of infrared imaging in which radiation emitted
from objecté is detected based on the temperature at different locations
acrogs the body, and images are produced of that radiation. In passive
thermography an image of the emitted radiation is acquired of an object at
a steady state temperature. In active thermography, a thermal pulse is
applied to the object to change its temperature, and multiple images are
acquired during the entire temperature cycle from the moment that the

temperature heat pulse is applied until the sample pharmaceutical



Enbodi ments of the present invention provide nethod and systemthat can

i nspect and determ ne counterfeit of a |iquid pharmaceutical product from
the outside of its container. Enbodi ments of the present invention provide
met hod and system that enable a manufacturer of pharmaceutical product to
design a hard to counterfeit uniquée %] gnature for the product, and which
can be easily verified. 7 - Additional enbodi nents and advant ages of the
present invention will becone apparent as the description proceeds. Summary
of the | nygodiconchAheonik agbicnt aehperaturaspel bvaf a trheleperestt tiimevent i on,
there is provided a nethod for determning the authenticity of a

phar naceutfeEigf- product conpri sing: (a) acquiring, in a wavel ength or
wavel engt h spectrum sel ected fromthe md wave IR (MNR) to very |l ong wave

o o S TRBEELENAY (Gl oI EHBIRINOOERRNG LT IRBR QR §R1 0 pr oduct,

the product ( fo a tenperature below anbi ent tenperature;
(b) conparit ngpaes agguiii etheomgidovaveimetli NEYeEVBIIRs dietivgmodii® or a
gquantified val ue deduced therefromwi th a signature of a reference drug;

and - qigronstsphayindg tBai Wrgonpareisestht HBr dbyY Enabttiagt détlér mi natin the
authent | Clntcﬁ’ér(g)r;;etgx%ﬁ‘dflﬁg gqﬂggntrast to spectroscopy which relates to the spectral

distribution of the reflection from the object mostly in the NIR (near IR} and
SWIR (Short Wave IR). It has been found by the inventors that the use of
thermography allows inspection deep into the object, i.e., well beyond the

surrounding container and the external surface of the object.

While thermal based systems, particularly in the field of thermography, are
well exploited in areas such as military/security systems, non destructive
testing, and medical imaging, such systems have never been suggested for

detecting counterfeit of products, particularly in the pharmaceutical industry.

Embodiments of the present invention provide method and system for
determining the authenticity of a pharmaceutical product that overcome the

drawbacks associated with the prior art.

Embodiments of the present invention provide method and system for
determining the authenticity of a pharmaceutical product by means of
thermography, i.e., by means of an IR imaging system which operates in the

MWIR or LWIR spectrum.



In an enbodi ment, the product may be actively cooled before inmaging. In an
enbodi nent, the nmethod may conprise placing said product on a cooling
source or within a cooling chanber and cooling said product while on or

Wi thin said cooling sourse. In an eqpodlnent t he net hod may conpri se
cooling of the product for a tinme period sufficient to obtain cooling bel ow
anbi ent tenperature I n an enbodi nent, the cooling of the product may

conprise ap co I|n pul se onto sai, I n an

enbodi ment , Puhedtesi b PNy BOp rav 6Pief aid P FRdH A del ta
function, ét%ﬁﬂuﬁxﬂgnﬁlte' Qﬁ'h 'ff'lcft e rﬁ%cédt‘:@ﬁf 'auctab}sﬁ}@aﬁéjgf h function and
a periodic unctl co |na i on thereof n enbodi nent, the cooling
may conpri seassie @etiingtheheogpagduct to a coollng source sel ected from the
group consisting of thermal electric cooler bl ack body, cooling chanber,

gas expansi on_source and refrigeratar. odi nent, the one or nore IR
i mages may BE&bRdHDEHR AT e PIERRES THHEPHERY p‘&?‘“ %meg%dn@‘ds%’ﬁﬁnb% fing.

can inspect deep into a pharmaceutical product and determine

counterfeit.

Embodiments of the present invention provide method and system that
can inspect and determine counterfeit of a pharmaceutical product, even
from outside of the product package, and which does not require

opening of the package.

Embodiments of the present invention provide method and system that
can inspect and determine counterfeit of plurality of pharmaceutical
products that are packaged together, without need for opening the

package.

Embodiments of the present invention provide method and system that
can inspect and determine counterfeit of pharmaceutical products from

the outside of a multi-layer package.

Embodiments of the present invention provide method and system that
can inspect and determine counterfeit of a liquid pharmaceutical product

from the outside of its container.

Embodiments of the present invention provide method and system that
enable a manufacturer of pharmaceutical product to design a hard to
counterfeit unique signature for the product, and which can be easily

verified.



In an enbodi ment, the MNR to VLWR may be between 3 umto 20m In an
enbodi nent, the wavel ength or wavel ength spectrum nmay be sel ected from
3um 5. 4um and 8p. ml4um In an enbodi nent, the nethod may conprise
processing said one or nore IR imges of said product into a visual inmge
or a quantified value. In an enbodi meat, the processing may utilize a
spatial or tine domain mathematical operation on the IR image of said
product to obtain said visual inage or quantified value. In an enbodi nent,
t he conparison may conprise correlating between the visual inmage or
quantified value of the acquired one or nore IR inmages of the product with

sai d predef grm Ned S FRAELE Gin@f %@aﬁ@%tgsr gmﬁe r&Ont |beffoRWAdidBRE, the

predet enni ned signature of a referen rug y conprise a visual inage or
quanti f i ecippadeneasthodesriggbabasee®dt vi sual images or quantified values of a
plurality of reference drugs. - 9 - In an enbodi nent, the nethod may
conprise displaying said conparison. In an enbodi nent, the displaying may
conpri se dYHRMAR the ABVEIHI%pr e vi sual i mages of said product al ongside
with one or nore i mges of said reference drug.

According to a first aspect of the present invention, there is provided a method

for determining the authenticity of a pharmaceutical product comprising:

(a)  acquiring, in a wavelength or wavelength spectrum selected from
the mid wave IR (MWIR) to very long wave IR (VLWIR) spectrum, one or
more thermographic IR images of said product, the product being cooled to a
temperature below ambient temperature;

(b)  comparing said acquired one or more images of said product or a
quantified value deduced therefrom with a signature of a reference drug; and

(¢)  displaying said comparison thereby enabling determinatin the
authenticity of said product.

In an embodiment, the product may be actively cooled before imaging.

In an embodiment, the method may comprise placing said product on a cooling
source or within a cooling chamber and cooling said product while on or within
said cooling sourse.

In an embodiment, the method may comprise cooling of the product for a time
period sufficient to obtain cooling below ambient temperature.

In an embodiment, the cooling of the product may comprise applying a cooling
pulse onto said product.



In an enbodi ment, the displaying may conprise color display of the one or
nore i nmages of the product and the one or nore inages of the reference
drug. In an enbodi nent, the database may conprise a plurality of signatures
of reference drugs conprising at |east. one intentionally introduced

di stingui shing sign capable of being imaged by said thernography apparat us.
I n an enbodi nent, the distinguishing sign nmay conprise one or nore coating
or edible materials in said reference drug or air bubbles entrapped in said

product. ACEf eihbB@lifnena the eosith @pIec inaytiRehes FGnPEavite@donm 8)Ritgm f or

determ ni - u [city of hal euti cal pr t .conprising: a
theranraBﬁ@%@%??%&Eégﬁ%%¥&ﬂgﬁsg§%$%%'gggﬁgkdh%?¥ﬁggﬁﬁﬁngxma %ngth or a
wavel engt hP@&i9dt firnshaeaeiddngtioarherel ni d wave IR (MIYR) to very |ong wave

IR (VLWR) spectrum one or nore thernographic IR inmages of said product; a
cooling source for cooling the product to a tenperature bel ow anbi ent

j[er’rper aturgy az?%glb%dgﬁ&m e HQ&I;;@ B{agdéog%?s%i %j?cttinlgeﬁgt r%ﬁ&cq Qng or nore IR
i mges and a_sighature of a reference drug, or-for dlsg?ay of a result of
conpar i sorcWEIGEaW s AP cEATYR the Leoupreqnsiles oAribera ¢lesigmhardlere of

ref er ence ackgbodync@ningrdhachbeE phs eipaasibdirtoadd MR dragr be bet ween 3pmto
20um - 10 -

In an embodiment, the one or more IR images may be acquired at times during
or following said cooling.

In an embodiment, the MWIR to VLWIR may be between 3um to 20pum.

In an embodiment, the wavelength or wavelength spectrum may be selected
from 3pm-5.4um and 8um-14um.

In an embodiment, the method may comprise processing said one or more IR
images of said product into a visual image or a quantified value.

In an embodiment, the processing may utilize a spatial or time domain
mathematical operation on the IR image of said product to obtain said visual
image or quantified value.

In an embodiment, the comparison may comprise correlating between the
visual image or quantified value of the acquired one or more IR images of the
product with said predetermined signature of a reference drug.

In an embodiment, the predetermined signature of a reference drug may
comprise a visual image or quantified value from a database of visual images
or quantified values of a plurality of reference drugs.



In an enbodi ment, the wavel ength or wavel ength spectrum nmay be sel ected
from3um5. 4um and 8gm 14i. I n an enbodi nent, the thernography |IR apparatus
may be configured to acquire one or nore IR images at tines during or
following said cooling. In an enbodinent, the systemmy conprise a
conmparison unit for conparing bet weer? sai d acquired one or nore | R inmages
of said product and a predeterm ned signature of a reference drug. In an
enbodi ment, the conparison unit may conprise aprocessingunit adapted to
receive the one or . nore acquired IR imges fromthe thernography IR

appar at us Brith gRsEiEsents e mhed WW@W@U%@@@&W&&@ IERESO-mage or a
quantified value conparable with said signature of a reference drug. In an
enbodi ment, the display unit may be adapt ed to di splay one or nore visual

mages or H V [ % drug. in
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i mages of CHEES P Qe Bthﬁl‘ﬂéSldle %0% rﬁé g F‘P‘? &nit may be

adapted to process said one or nore acquired IR inmages in conparisonwith a
signature of a reference drug. In an enbodi nent, the conparison may be

bet ween Saln%ipélﬁb&ﬁmaﬁtr el laj}xﬁ rhel% ETRERS @Mcﬁ&}ﬁaﬁbf MRS SheVdrSH&e | mages
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In an embodiment, the database may comprise a plurality of signatures of
reference drugs comprising at least one intentionally introduced
distinguishing sign capable of being imaged by said thermography apparatus.

In an embodiment, the distinguishing sign may comprise one or more coating or
edible materials in said reference drug or air bubbles entrapped in said product.

According to a second aspect, there is provided a system for determining the
authenticity of a pharmaceutical product comprising:

— athermography Infra Red (IR) apparatus for acquiring, in a wavelength
or a wavelength spectrum selected from the mid wave IR (MWIR) to
very long wave IR (VLWIR) spectrum one or more thermographic IR
images of said product;

— a cooling source for cooling the product to a temperature below ambient
temperature; and

— a display unit for displaying at least said one or more IR images and a
signature of a reference drug, or for display of a result of comparison
between said one or more IR images and said signature of reference
drug.

In an embodiment, the MWIR to VLWIR may be between 3um to 20um.



In an enbodi ment, the system may conprise a database of predeterm ned
signatures of reference drugs. In an enbodi nent, the database may conpri se
a plurality of signatures of reference drugs conprising at |east one
intentionally introduced distinguishing sign capable of being imaged by
sai d t hennogr aphy apparatus. In an enfodi nent, the distinguishing sign may
conprise one or nore coating or edible materials in said reference drug or
air bubbles entrapped in said product. In an enbodi nent, the database may
renote with respect to said thennography Infra Red (IR) apparatus. In an
enbodi nent I amenkestimant SsnuaTeenaly OpaavBispeth sREetRR dagycl selerterhitgm

t her nogr aphymisdym aRedum-Ru.apparatus. I n an enbodi nent, the system may be
configured to hold said product between said cooling source and said

t hen- nography IR apparatus In an enbodi ment, the cooling source may be

selected fromth roup consisting of _thermal electric_cooler, black body,
cool i ng cH&dﬂbﬁ?gﬂggmgg5Q%QWHH0@38#%ERéWHmFBFﬂpﬁé e corfizyrRd 40 2SI ment |

t he cool i ngnesounae [Ranapes aAdapiseldring oap@lowiag csadlcongngul se onto said

product for a tine period sufficient to allow cooling of said product bel ow

anbi ent tenperature. In an enbodi nent, the cooling pulse may be applied in
a forn1seIFctedF%r$n1atq§Ita Junction, a.step function,. g rect angul ar
function alsHwWTESPAPENCEiISSHEnd Y PEMTEGi T SPURMGN 8l "YorBTRHEon
t her eof . between said acquired one or more IR images of said product and a predetermined

signature of a reference drug.

In an embodiment, the comparison unit may comprise a processing unit
adapted to receive the one or more acquired IR images from the thermography IR
apparatus and process said one or more image into a visual image or a quantified
value comparable with said signature of a reference drug.

In an embodiment, the display unit may be adapted to display one or more visual
mmages or a quantified value of said product and of said reference drug.

In an embodiment, the system may comprise displaying said one or more IR
tmages of said reference drug.

In an embodiment, the comparison unit may be adapted to process said one or more
acquired IR images in comparison with a signature of a reference drug.

In an embodiment, the comparison may be between said one or more acquired IR
images and one or more visual images or quantified value images of said reference
drug obtained under same conditions as those utilized for said product.

In an embodiment, the reference drug may be an authentic drug.



In an enbodi ment, the system may conprise a nenory carrying said database.

Brief Description of the Figures |In the drawings: Fig. 1l illustrates a
bl ock di agram schenmatically show ng the conponents of a first enbodi ment of
the system of the present invention; -1fFiLg. 2 illustrates a schenmatic

di agram of the cooled detector utilized in the first enbodi nent of the
present invention; Fig. 3 shows an inmage of five pharmaceutical tablets,
four authentic and one counterfeit, as acquired by a standard CCD canera;
Fig. 4 shdnsaa émbodlingensihenastdnnenapgeaphisei aageaalnke t b praletetsneaf Fig. 3

as obt ai ”es‘?glg%{m%ﬂgf%?&@ﬁ&td%ﬁ of the invention at t=1 second, follow ng the
application of the cooling p% se; Fig. 5 shows a two di nensi onal

t her nography i mage of the tablets of Fig. 3 as obtained by the apparatus of
the invention at tr-,10 seconds, follow ng the application of the cooling
pul se; Filg. a® showsmant, whe diatdnasé onay doherivegs gptmplitynegesigiattdee d¢fabl et s of

Fig. 3 as ghiaideeudy the&RRRAAL UG Oficddhe bAYeNnht@RoAli I - mtrbluced
distinguishing sign capable of being imaged by said thermography apparatus.

In an embodiment, the distinguishing sign may comprise one or more coating or
edible materials in said reference drug or air bubbles entrapped in said product.

In an embodiment, the database may remote with respect to said thermography
Infra Red (IR) apparatus.

In an embodiment, the comparison unit may be remote with respect to said
“thermography Infra Red (IR) apparatus.

In an embodiment, the system may be configured to hold said product
between said cooling source and said thermography IR apparatus.

In an embodiment, the cooling source may be selected from the group consisting
of thermal electric cooler, black body, cooling chamber, gas expansion source
and refrigerator.

In an embodiment, the cooling source may be adapted to apply a cooling pulse
onto said product for a time period sufficient to allow cooling of said product
below ambient temperature.

In an embodiment, the cooling pulse may be applied in a form selected from a
delta function, a step function, a rectangular function a saw tooth function and a
periodic function or combination thereof.



- 13 - seconds, follow ng the application of the cooling pulse; Fig. 7a
shows an |1 nSh cool ed prototype apparatus by which the invention was tested,
- Fig. 7b shows a conparison as obtained by the apparatus of Fig. 7a,
between two enpty al um num packages 01;,) authentic and counterfeit Galis
pills; - Fig. 7c shows a conparison as” obtained by the apparatus of Fig.
7a, between two enpty paper carton packages of authentic and counterfeit

Calis pil I t
authent | o rel SaneReietS; e g dme R R SR TG car a:

Brief Description of the Figures

In the drawings:

~ Fig. 1 illustrates a block diagram schematically showing the
cornponents of a first embodiment of the system of the present
mvention;

— Fig. 2 illustrates a schemaﬁlc diagram of the cooled detector u‘i:;hzed
in the first embodiment of the present invention;

~ Pig. 3 shows an image of five pharmaceutical tablets, four authentic
and one counterfeit, as acquired by a standard CCD camers;

— TFig. 4 shows a two dimensional thermography image of the tablets
of Fig. 3 as obtained by the apparatus of the invention at =1

_.second, following the application of the cooling pulse;

— Fig. 5 shows a two dimensional thermography image of the tablets
of Fig. 3 as obtained by the apparatus of the invention at t=10
secondé, following the application of the cooling puise;

— TFig. 6 shows a two dimensional thermography image of the tablets

of Fig. 3 as obtained by the apparatus of the invention at t=15



Fig. 7e shows ,a conparison as obtained-by the
, ' ! - appar at us,
authentic and counterfeit Calis pills ofyFi g. 78p 71?6ts\r,1\§\?\2 ;he Ho

conpar i SH% WNEEH the two authentic and counterfeit F;?G?ﬁm?ﬁ"’ﬁé%?ages

whi ch i nclude respectively authentic and co [ I al i [

_ _ unterfeit Calis pills, as

?E;al ned by a CCD (VIS) canera; Figy_7g shows a conparison gs obt ai ned by

e apparatus, between the two authentic and counterfeit al um num packages
ich include the Galis pills of Fig. 7f; Fig. 7h shows a conparison

bet ween two authentic and counterfeit i i '
_ _ ) feit paper cartons,which include al
packages whi sénonds;fmiih@weagﬁhpﬁ@@@&é@oﬁézﬁé%tcpslé?§p&]:ﬁehentic and coﬁn?cranr?gm

Calis pills, as_obtained b VI ra. | |

, NP CCD} . hvl

conpar i sor- aFigbiai byt X%%p%’g éad[ @g&oo e@pﬁggﬁlﬁgg gﬁ%\gﬁe?he t wo
aut henti c angn&e%%rg&,fagltgsﬁg@per carton packages of Fig. 7f, which includes

Count orf oi 1 Gial T pbhb e scanpeatovebypbiained by the spparatus of Fie. T4,
between two emply aluminum packages of authentic and
counterfeit Cialis pills;

— Fig. 7c shows a comparison as obtained by the apparatus of Fig. 7a,
between two empty paper carton packages of authentic and
counterfeit Cialis pills respectively;

— TFig. 7d shows a comparison between the two authentic and
counterfeit Cialis pills, as obtained by & CCD (VIS) camera;

— TFig. 7e shows a compavison as obtained by the apparatus, between
the two authentic and counterfeit Cialis pills of Fig. 7d;

— Fig. 7f shows a comparison between the two authentic and
counterfeit aluminum packages which include respectively
suthentic and counterfeit Cialis pills, as obtained by a CCD (VIS)
camera; |

— Fig. 7g shows a comparison as obtained by the apparatus, between
the two authentic and counterfeit aluminum packages which
include the Cialis pills of Fig. 7§

~ Fig. 7Th shows a comparison between two authentic and counterfeit
paper carfons which include aluminum packages which in turn each
includes respectively authentic and counterfeit Cialis pills, as
obtained by a CCD (VIS) camera;

— TFig. 7i shows a comparison as obtained by the apparatus of the
invention between the two authentic and counterfeit paper carton
packages of Fig. 7f, which includes each an aluminum package
which in turn includes each authentic and counterfeit Cialis pills

respectively;



- 14 - Fig. 8a shows a conparison as obtained b

_ y the uncool ed apparat us
bet ween the t}/vo aéjthentlc and two counterfeit Calis pills res e(F:)ltoi vel y;
Fig. 8b AW/ H& two authentic i mges and two count er PEFALIMUEEEE o1 t he
Calis pills of Fig. 8a, as obtained by a CCD (VIS) canera.; Fig. Sc shows

a conparison as obtained by an uncoghed apparatus between two full ack
: ed
(paper carton and al um nun) authentic Galis pills and two fully pgcll[()ed

counterfeit Cialis pills respectively; Fig. 9a shows an inmage of authentic
i ottt (et L R e, SRR e 01
Desr i pti on’ GERRERPRBF o REd EHAOA qerr ey o Uulerfehe st blfs Betall ed
respectively;
— Fig. 8b shows the two authentic images and two counterfeit images
of the Cialis pills of Fig. 8a, as obtained by & CCD (VIS) camera.;
— TFig. 8c shows a comparison as obtained by an uncooled apparatus
between two fully packed (paper carton and aluminum) authentic
Cialis pills and two fully packed counterfeit Cialis pills respectively;
— TFig. 9a shows an image of authentic and counterfeit filled h’quid':
Optalgin containers respectively, as obtained by a CcCDh (VIS)
camersa;

— TFig. 9b shows the same containers of Fig. 9a respectively, as seen by

& cooled InSb apparatus of the invention;

Detailed Descrintion of the Preferred Embodiments

There are currently no complete solutions to the problems associated with
counterfeit drugs. The present invention provides a novel method and
system for determining the authenticity of a pharmaceutical product,
using a thermography based system. The system can determine
counterfeit even without removing the product from its cover, package, or

container.

The term, "pharmaceutical product” as used herein refers to any form of
drug, for example, a tablet, capsule or solution, and is used herein

interchangeably with the term, "drug".

According an embodiment of the present invention, 2 thermography
signature of a sample of each of a plurality of authentic pharmaceutical

~ drug products is initially collected and stored in a database. Said initially



There are currently no conplete solutions to the problens associated with
counterfeit dru The present invention provides a novel nethod and system

for det e‘?”ﬁizﬂqgﬁ}éjgﬁ?’?}e authenticity of a pharmaceuti cal pPSEGE%“PS/EfEP% a

t her nogr aphy based system The system can determ ne counterfeit even

wi t hout renoving the product fromits$5Seover, package, or container. The
term "pharnmaceutical product” as used herein refers to any form of drug,
for exanple, a tablet, capsule or solution, and is used herein

i ntercha | ] ol " | %F‘oggi 1 ..t he
pr esent Pﬁ%%?%%f%ﬁ au{rgﬁlﬁggégﬁgrg?gtﬁaﬁl%gﬁgﬁgg ag%brrp e of r%%%lhe%lf: a
plural it yigfatatd"hehthe dphar fheethewabsdpby praduates id & thdrnhadrbpheol | ect ed
and stored in a _database. Said initially - 15 - collected signature wl|l
be ref er fied, i her &iVhER tar MiVdE sarngnletwaudimesnsienal girw wifethofiruge drug.

ange) R RO RET R e B b e RSPy prariies coubiteh o0eioduhy At o

control | eghch PG fi€ cHONdiohi @Ry He, HeePAGUC tthe T RedhReWffthe &aBdi tion
may be, for exanple, the 2D response of the drug product over tine to a

heati ng poedwrodvarglinsd gmal heahagr égpordmeafiignah Speredronspragtet er ni ned
time after the initiation of the signal, . etc. e formof sald heating or
cool i ng SPERILE PREdGiEERES hode BHET il TiHEgH bt R
square p ; t 0N tic. E erymr a Wil ko be

el abor at gg%%%?%%%gge%g%?%bg%a?ﬁltg e%retdgﬁgeg bgﬁ f ?E%:a}vva%\%f:%%!tthfgvrvi thin the
LWR or MiRplangesay bt ameyuarseppbasn isasat tooth sgggal, letec.anyughsemord, has been
found by the inventors_that such a response is very unique to the

conposi t B8 andwat s edghorated. nehal (regPPREd IR EY %d%/métedeﬁ%/ h&PECHS i mitate.

the art SoecineE RRbE ARG LN B SRR RS B el Batet 10 '

M cronet e&s Ihegheeddey & Nas Bad:4 fslefd phtthensvai®rothat satled fLepamdg fact
that the atnosphere generally absorbs IR between said ranges (i.e., between

5.4 to 8varymuongetsXhe Mowpwsition hedpsievehtrei ofvidret done pagdutt lanzdeisal so sai d
| atter rage gf&? 4. 10 m croneters, and even the range of VLWR of 14-20
m cr omet &FY BAtF FhEPEa%e vari ous detectors that are sensitive also in said
| atter ranges. Therefore, the use of MAR and LWR throughout this
application should not be viewed as Iimting its scope not to include the
range of As. rehtioBed] theoBVER 2rahdIOIR 14n 24k arceaneigionaAbcosfeired o t he
present invention, the signature of any given drug product in the market,
whose authdRei 8% o itgesimpest Between confargrameeters and between 8-14

micrometers respectively. Said definitions are originated from the fact
" that the atmosphere generally absorbs IR between said ranges (le.,
between 5.4 to 8 micrometers). However, the present invention may utilize
also said latter rage of 5.4 to 8 micrometers, and even the range of VLWIR
of 14-20 micrometers and there are various detectors that are sensitive
also in said latter ranges. Therefore, the use of MWIR and LWIR
throughout this application should not be viewed as limiting its scope not

to include the range of 5.4 to 8 micrometers and/or 14-20 micrometer.

According to the present invention, the signature of any given drug
product in the market, whose authenticity is suspected, is compared to

said authentic signature, for verification as to whether it is authentic or



sai d authentic signature, for verification as to whether it is authentic or
- 16 - not. The conparison is nmade essentially in the sane condition as was
used updHOHPIa¥¥ on of said authentic si gnature. For B&&iHA%SqIHE
signature may be displayed as one or a series of visual imges of the drug,
and may be quantified by a value for;gonparison with a corresponding sanple
drug, as described herein below Si nce it is assuned that a counterfeit
drug conprises a different nolecular conposition (and sonmetines structure)
than that of an authentic drug, the MANR or LWR eni ssion,
funct i omat Thiempngpamson enghgraseniylpinthe S&H%Eh%ffl OBriS f"g ”6?% er ent

t han that of (%unt?eé%ie% ugﬂ zﬁt }:{‘e nventors of the present invention
have foufiP AFtCTHE AULE é?m%’ra& phy system for detection of
counterfeit products in the MNVR and LWR spectra, particularly, but not
limtatively, after the providing into it a heating or cooling.signal

( her ei nafm‘@lee}caﬁ@detm mghatmfe braovbe ﬁxgdxamedeasn@nwr |2 BRY1BY P@TVF%P eferred

to as a "heatin nal " has .consi d e_adv es_ Qv [iQry art
det ect | omagaR eo f%@ﬁ%dew fpe HPE}BE‘E?‘ ch X P?’ 0%188%115558%& ¢ devices

and net hods a b p agtndeechngl ogi es
use det e%t?ogﬁe%émjfﬂn% ?%ﬁplhe%ﬁgl f- vva\r}f%'sg%g{aﬁ Fl%fernalr gg}%(&le R)nspectrum whi ch

are basegsQmeef kBst | ansofintunfdibe dmugdlmmpxam tdnedﬁ’@eatema(bileeulaﬂi‘s pecti on

of only the external surface of the dru |ds ectrqsc ﬁcﬁ dprlor
art systmpg@fh@maﬂalnﬁ %@W@I@ﬁﬁﬁﬁk‘}{ﬂt’e‘r@sﬁ £ r?QP ?H&Eﬁl%

cont ai ne ver acka i I e
referredMWig ﬁ wn %(? (ar‘ﬁ; ‘?Jég’srg Fttﬂ:hje Elgrg%é g{%ﬁﬁtﬂé) Ofb

package. t}@aﬁ%ﬁm{u@mﬁﬁe&@ﬁ Hhat ma@yoweafe@t dHWR detecti on system
of the present 1nvention allows detection of the internal nolecul ar changes

of the drug, which bypasses the coating Iayer of the package that may be
present on the surfac f a capsule any ot h r he- drug). In
ot her words, u%wmw EW“F@ e%%cggnr% fﬁ?‘fﬁ‘fttﬁgg er‘ftslgoﬁ g‘asses

t hr ough 15‘%@8‘&%5%3 %}ﬁt&ﬁefo‘}f 8 2REn of éJmtem% o0l Sotd GRSHIROWVERMI T e

openi ng ows the operator of the systemto determ ne the

aut hent i ghBYLWIR Reegfagpemerulebgn Lt et hﬂmtaﬁméd wifttelni heapranding
container, or even within an entire crate or

S|n rocedure,
t her eby m‘@mtfa baatmg qrm@@bvgﬁggwe }@Fﬁ%f@ﬂfc&rotf & ’T’?é‘ed ng t%oc ess on

the commer ci al Yy al 1 1gor oduct

to renm WFWﬁfﬁﬁ r&%fg‘t ﬁeg}ae@%ﬂeé)%raocﬂee%\g#% E%l%ti ct| ng t iedé('s%%:{)hentl city

Of a dr u%d'vﬂn%ﬁ%sl HOH 91’1%1’ a8 dSehU6R REEmPr@Ctdetkrihadrtfatwhidtor ded by
a procedure perforned utilizing the spectroscopic based syst[gg;ﬁf the prior

art. Theuifereobperitdrerpioglapbys spdt mt?a@qls;vgmt h@st@é@@c@%dl%ie B to be

di spl d f f whi t d
R g MUK S S SRR L B S R A ol
di stingui.sh. bgk YRER) gﬁé’&?u&? BhibhsHal H 8GRl & reflections from the product,

and therefore enable inspection of only the external surface of the drug.

Said spectroscopic based prior art systems generally have difficulties in
passing through the drug container, coverage, or package (hereinafter, all
said terms will be referred to as "packages"), and in any case it requires
opening of the package. On the other hand, the thermography MWIR or
LWIR detection system of the present invention allows detection of the
internal molecular changes of the drug, which bypasses the coating layer
of the package that may be present on the surface of a capsule (or on any
other form of the drug). In other words, the MWIR and LWIR detection
system of the invention passes through the package of the drug and



Fig. 1 shows in block diagramformthe general structure of a first
enbodi nent of the thernography IR system 100 of the pr t. 1NV i on.
System MZWBWGP%% a heat source 110 for heating (ors(i—%ﬁ"ksggﬁg sanpl e
pharmaceutical product 102 to a nodified tenperature, thereby to change its
IR emission in the MAIR or LWR ranggs. System 100 further conprises a

t her nog, raphy apparatus 120 for detecting the emtted radiation from
pharmaceutical product 102. Said detection may be continuous, or it may be

carried t some, predefi ned period fr the; ature
heat pu|tg§rﬁhf§§8 RE #Q%y§%%w%9gﬁ.iﬁﬁlsgggﬁ? %it%lﬁgépse%gﬁ?%ggg% orm as
much as n@gg{%ﬁ%%éteﬁmmfaaé bRk bEthd a@u%wmmae@l iSiigoantainedt hat are

saved i ase 130 have been collected. Thernography apparatus 120
conpri segitbne of chtire chRtwnenyordetat wotkinl 22 {rEoentaty oF PEFPed™® in t he

art also as_"focal plane arrays") for sensing |R radi ant. r in the MWR
and LW Fsmalﬁg@gpceadwreecﬁ\?éﬁﬁf ﬁ@g@@éﬁﬁtﬁt Mﬁg?’%gaﬁe ﬁﬁl‘%@?a@% tiélrge wel |
known in.,the art n e, us ek I 18XaB8n, by RllGRingitheon
t her mal %Vg?%%.p@%??%gjﬁ %ébr g%@%ﬁ%ﬁﬁ%&@o%ﬁses tlhle1 rbgdi ati 01;1 onto the two
di mensi Oé"@érzﬁééﬁﬁiéézproﬂﬁcd toplanCain aritkingeheontayer nthageowss B nore

[

| enses, |ters and/or polarizers. Controller 126 operates the array 122.
The Contdetiecngatlso awbeniiesyof anareg 18 &h%ﬂh‘i‘%‘gn?fta%% %e?”é’@?‘om%? ray 122

126"l SotasAeNt U QRIP DN 1 BIRSyT0 B arareal RURT dbl uti on

213 pres 1 JR08 <149 .of The p2Rr amge 140 of the radiant enission
fromthe%cgﬁr%ggﬁ?cal %gﬁoduct 102, is displayed on display unit 132. As

sai d, database 130 stores plurality of authentic signatures of many

aut hentic drug products. Said stored si.gnatures,can ge hown as
i mages. TheoHee @b dPABRPEHPITHhEY HvRft ,%8&%8%9%&%%%&%% ?(gch%s 129 the

aut henti g. skgnature 140 of dr. 02,.f tio30in &Mt oS! y

col | ect eglﬁptl%ﬁ%ﬁna%#%%ﬁtﬁcmgrlg%gjeéﬁa ‘ggg%ﬁg%g@%ﬁgd sanme si ggf by side with
present Lpggedidthd befissbsuak daapechioom. Thisshiduwe sbegrea¢erdbibat toon
display unit 132 the signature levels_of the IR em ssion are displayed in
various duitongyishdedmebnsirags §aiadvisiey Prdiespati al eni ssion fromthe
product. As noted above, it has been found that there is a very clear
visual distinction between the inmage 140 of an authentic drug, and of a

counterfeit drug.i ahlpegrmmRetiugdothathdaymdebnitested dfy at fiest
inventors. 1t should be nmentioned again, that the present signature is

obt ai nedehtbalisane «dheribleredgaprd {Rowyaemol 0§ BE the PheIRtdnSPEHA Ure. In
any case, the authentic, signatures W thin.data base 130.. ndi tions
i n° whi ch SyREMaHY é%mpéhsﬁéﬁ?ﬁ%%nsod’é’cgaﬁq]@rgﬁﬁtﬁ%%??rogorotlajfniagg% g%I%‘lg(l?éérrphasi ze
such distinctio i feig MR yd 28 ﬁy,q;h samdid cemsgav | | be
el abor at gg‘%@%@%ﬁ%ﬁ%@ﬁ%@?@r@ﬁ %?ﬂ?%fs%gead o%{ thlel Vi sSaI i nspeqt%on and
conpari seg R theideimods ohe HOVERnoA WIFheangapaSystam naf0 bervhee

automatically by inmage processing unit 128, |nage, processi.ng uni 28
det er ni nesmiptrisasorar efharneaTERIET oRPIHAEEN 1?’He?ﬁ éjseg?l‘ftl%g g Lﬁlﬁlt%t% t he

igof ed AL ag! E.Li)I(i: X na%aﬂggrem];icr:é)ur{}m%?t %Q@&Sotl%?n@a?d’a!ié‘l%'i:ﬁ§n"“ﬁ§é§hebet he -
continuous, or it may be carried out some predefined period from the
moment that the temperature heat pulse has been applied. Said detection
conditions should conform as much as possible the conditions in which the
authentic signatures that are saved in data base 130 have been collected.
Thermography apparatus 120 comprises one or more IR array detectors
122 (commonly referred to in the art also as "focal plane arrays") for

sensing IR radiant energy in the MWIR and LWIR ranges, and converting

them into an image. Such arrays are well known in the art, and are used,



correlation factor is above a predefined threshold. Followi ng this

eval uation, inmage processing unit 128 establishes a copn Iusioo regardi ng as
to mhetﬁ%?ZWﬁ@lgﬁﬁple 102 is authentic or counterfeit,  aHd<% 1'?;”gnclusion
104 may be displayed on display unit 132, or notified to the user in any

ot her conventional form In another-1&ternative, the tested (suspected)
drug product nmay be conpared to a reference drug product which is known to
be authentic instead of a pre stored signature within the data base. This

conparison, in a simlar manner,to_the proces esgliked hefpre, can be
per f or néf@r &X}aﬁﬁ? ?b?ﬂﬂlgﬁélvizﬁgpggﬁr%i Stgﬁtiga? n':alg | %fail Eg;l ;Eig:{)_pl &n? i rr![a_ge
processi g . ] S8y nTER pealye iopieal ocat i ons.
In one ;1 ol |Smanel[ Hgg%ag asg 13% I's |located \:;vithi n the testing apparatus. In
e R ot L ook sanros et o gt SEt A Lo hor
u ite, v u X
Eret o o B SR o

by the t@swimenphydr aperntop Shenariay: comuni cati on, such
as cellul ar tegsqéllg!%lﬁ in I EheSt idL;Jcec%Ot Qﬁragen?ggi WeRbn ORisariBase tha0 i s
r c

mai nt ai AREPR mariner Wthin a sécured site, the imge 140 is
conveyedqyiran dhephit eFN8dioh 0 fipah ddsee upediustt dp2anContrellennier i alsn is
performed wthin said secured site, which.in turn COTVGXS@E)NO the testing
appar at usorveyts Lo stgmell (from daraiiray tore QN Rghe 3P Uk kY BFEERt . As

said, in stjll another_alternative ar.} : ti@.an i mage

whi ch i sPYQstugt| §paseg i%@tk ef‘iﬁrﬁ%a%%ggugc%lﬁ% %@%@‘F%ﬁgg uc?)%lmﬁ{ﬁgh is

known f% hﬁ%ﬁc%&i@a? gfﬁdlﬁ:@ti@', ig@gg%pag@acgnléﬁplf@ piéf €3a@blAs cent.rol | ed by
generat or 105. 10,

a signal Heat source together with signal_ generator
105, i mi Gatshddael S@reoreenditibiy oh antthehtic segaaiirental cnany mHbeetSt drug
102 has been collected. Heat . - 20 - source 110 b of.. & ce, an
oven, a areg owadastsaparRsbarp, SIgRRHESE %@aﬁ?n%&?g? SF‘D féla%”ci" %Igl%‘ o?’ cool i ng,

for exampleohy JRRNS0L, 08P GXPISLAN., Binirddlyi thilcdisgs (229 i1a

capsul e) ; cont ai ne ereof . The heat signal 107 from

gener at oL, . 105, 1R Beattirdel 4@ Efuasig 002 &rosh edatabase | W), 26 peetiangiyl ar
function, a periodic function, a saw tooth function, or, an @téahert

desi gnat ediiécirdtirom. 2 eubkenfip i uantng CLHIEES (¢ étsaﬁz‘i‘feS‘rd@:’tb%ﬁ Bt he ar ug
to the heat differs din n_the,typ i ‘ ; (e.qg.,
oven, m W%%%Fe‘,m%ﬁecf‘?@%g%v%aﬁ BEPeSR 'gt y‘%%ldo h&ége;a t'tsb?iéﬂtrtl)l'a&le(hgfs)Higfr ovi ded
from gengrat ggol4n. sigﬂaﬁure%%@%vgf RN CRSSRIIon Mrordieslayed dhtsemows nor e

conpr ehensivé characterization of the sanple drug 102, nore than one
conbi nat icglbref iheaiplsireeanhdahgat spanal eT0gsingyirpe tRedOMFedver

lurality of signatures that ref)ect the change of, em fr e dr
gvgr t: mg:;ot@qi a:bggﬁaoigéﬁﬁebqeé‘ Wné{ﬁﬂt%ﬁed?’ B ?We?lF%g]"%sz?a %tég%%&rgsed. u%
course, in,this ,case, th a SR ot I effoithérpt ural ity of
aut hent i é)eﬁvﬁﬁﬁtt&ee%ﬁ%%er ?%@%%%% égtnﬁ as gﬁ?ﬁn%f??ﬁgt%dgg?i nal fuogrm of y

time, wavgl epglidon RRh@E Zaki Bive heah ieatad byt fipe inesrdors. nltoskoWdblai nent
| R t her nogr aphy -apparatus 120 may conprise both .a cool.ed,detector and an
uncool ed mehtiohed . agaivootled dbe epresent sSIGABERTE 18f OREREE | Wy 3 HAFA® Red

radi ant energy. in the. range of R 5.4 T chey awgay
conpri se§°$ﬁ%ile@x§ﬁﬁﬁg}o%ﬁfg6%ﬁé%a ¢ gﬁ%:ﬁr%%rg rl?ll t%tgesi zsqhgf}mabout 30
p. m each i 10 el Viate49x&12 30 ndindi thakordtivest 31 whithe size
of about a?%ﬁh%%tgl %lgﬂl.a%ﬁe@t at casae, the array nay be nade of . 1nSb (I ndium
Ant i noni d@eyorrdGallédedceny Cadmisiln defhed itdetefleghrsh erthediad SEFY ogeni ¢

t t . Furth v L det.ect \ b d, L f |
bl ane. pr GbbE6HORFRITar HayhEnGBUGRBVIF", NFHER LI R Oy HEanY Bt PPrdi um.
bumps. and e b hLliaated:Lruihe,back af dge Msuneagledodeastor s

an electr I'C hverts Infra Red radiant energy in the

range of LW R£i8oP-dF ikt PuBkes Dhesteenol 8l ted eotgrarisonbuidyt befmaddet ect or

array which 1s housed in an . , : . g
automatically by image processing unit 128. Image processing unit 12

determines the correlation factor between the present signature and the

stored authentic signature from database 130 and evaluates whether the



-21 - evacuated Dewar. The uncool ed detector array conprises, for exanple,

320x256 i ndi vidual elenents in the size of 20- 30 pm each pixel, or

al t er natY 9y 1 ¥4Hx512 i ndi vi dual el enents in the si zeP%PH%@Q%I% pi tch.
The array may be fabricated from VOx (Vanadi um Oxi de) or Anorphous
Silicon., and is operated at around-t%omtenperature. It is understood that
alternative cool ed and uncool ed IR detectors having different capabilities
and structures may be used for the purpose of the present invention. For

i nstance W R .Ml ar. o #m al RtV be cool ed
from chog?&g%i\‘d\h/\v Pi{a?%%ag? u%b\el‘z I aLI r#@g?gggghgtfﬂge et e%'t o$?ﬂsen oreijfmil t hough
not necessdubtipn) egaie qitpcdssnon enéinodigmemblisikd & ephojisics regr@igement may
conprise a set of filters, for exanple, in a formof a filter wheel (See

Fig. 2),2%dll Waedhar i et sample . 19haswasshenly ohcoyaseriedetanst s8adr ow band
filters, f h to the LWR. . | R, pol.ari .
At or na FOETOA e B AT BB, Fo SulVe R engr BABRERH EREnan ssi on

propertigsrah dHObtHdedueaEMoREY ke Utilized. Fig. 2 shows the assenbly of

a cool ed thernography array detector 122 in a schematic form Array
detector 122 conprises a focal plane array 150 and an el ectronic interface

board 156. A vacuum,chanber 152 is shown joined wth a ¢cooler 154. In the

al t er nat tvée* g rvﬁéﬁr 1%0%651" e??%"é?e@flﬁ%’eqt@ghsﬁd‘,g tmgg{’&%%éﬁﬁiryb%oes not

conpri se.@n&2ee HOMEY [ r ' ' .ane array
at "a st e%dyﬁt er{%pg? ;a?érefe a thgﬁaﬁ%-e OgglggiVghgglgﬁéerlyrl?%c%g%{/%bq@il%?%@i ded

i nst ead. indbexd afha @lbf etdredndigisathiie vaidhft tlondase back. CRiiedompaaidoawid58 it is

filtered by f_f’lter 160 and i npi nged on focal _pl ane arraé 150 in the desired
wavel engt fimilaromanneg g the, prpeesghay desrmbai nraiere: gierpBef prmeIged he

her moor Aty PEEEIICRRBRAREEY RdlrklE- Rk B Rhp L E IR nfthidER ana

heat ed bylgarifeat source 110, which is in turn controlled by a signal
generator 105 (which issues, for exanple, a step function, delta,
rectangle, periodic etc.). During at |l east a portion of the heating and/or

th I ti [ i th | i f. th t), the.emtted It
A TR SN UEE AR O A N Bt
Mer i ner wyiaphsconbor B 1RsLONGithiOnRS ’&?étﬂi%' Bed.MRe0 e gptic
signature was collected. For exanple, a drug product Is heate y a heat

pul se f ormbogimestet, etaih tedepEdd od nodintiimeduint il sdcheedrh ghnad whignpes at ure of
the product drug is raised a predeterm ned anount to a npdified

t enper atfcHTECTRESD BlARc ARt s1enadur¢fe ararrERsEE ¢ argadiheBack to its
e e . . ; e o
onafor CbEBe Bk Cap R0 8 o8 e Balioldy O At ERRSBLLIARE L Vent i on

sanpl es &l enidihedrradialibgn. e Aat anpting diBodiBnal dhea Bhsd hgosaMl €
drug. The signature of the drug, as presently obtained, is conpared, either
vi sual | yngmtgieed in a secured manner within a secured site; the image 140 is

conveyed via the Internet to said secured site, and the comparison is

performed within said secured site, which in turn conveys into the testing

apparatus a yes/mo result regarding the authenticity of the product. As

said, in still another alternative, the comparison may be made to an image

which is locally extracted from a physical ("master") product which is

known for sure to be authentic.

Heat source 110 is preferably controlled by a signal generator 105. Heat
source 110, together with signal generator 105, imitate the same condition

in which the authentic signature of drug 102 has been collected. Heat



di splay, or automatically by means of a signal processing unit, with the

correspaondi ng aut hentic signature of the drug as previoushg obt ai ned and
st ored WPRIMRA¥%base 130. As said, the enitted radi affdt @8@%%e as a
function of time (i.e, either a continuous varying response or the

radiation after a specific period.fygomthe noment of initiating the
heating) of the sanple drug and is conpared to the signature of the
correspondi ng authentic version of the sanple drug. If the signature of the

authentic version of the drug is identical, or at t1. 0. ghl pseprrel ated
above témeirpe ddBreayibReIIRF | B2 OFCPhE THBIE VEr %}gaﬁtlﬁ%%g [)%e Ssarrpl eis

consi dered to, be. aut henti : heaad uf eaobxpdresiant henti ¢
drug i sg?%P’ ?@eﬁ?? g‘g?%%l% (ﬁ‘r Séu%%n%g%g%%?g}j@g gj\:}e sai dg?)r edﬁet erm ned

thres hol?g i@ hbe s @ . draugapddenot be arinpl @ritginer thereofchhgitdéted to be

counterfeit. If the sanple drug is counterfejt, necessary, .Long may be
taken, dgpehdOfigrom gémerader b0S Teay @@r%@&kéeélqcﬁl%iac?ﬁte’f”h%l%%%hﬁt %rfeit dr ug

was di scovered revi ousl y. sai i n_.a r Ve @sRectort Baysanpl e
dr ug isr%@énéalaﬁcaﬁ%ﬁ% n%lp%ﬁﬁ"?%(%&%ﬁ{e}?‘gt 8 E%‘g 8‘?‘;@2 qui ok ¢ool i ng met hod

such as LrdTPieash &rahoes rvtowhht ohe trbspmnsartdithei t reaches
a predeP%?eﬁr‘i (%%Sgéﬁn%ﬂgaﬁug atogrrpera?ﬁfr)e. The response i}i aa(c)qui%ed during the
entire puhsao therhog diffpecidpeandingerathetyppdiaati RIS o &€ (& Eoul se,

even at sone tinme after the end of the pul se, | kil l.ar ;ampney; to as
descri bédgabevess, BIEEWAYS; HECPadE W?ﬁcﬁglqnné}mt aeazj? hrﬂeénat% i Sclrgrgki gnast ure, as

wel | as the si.ghature f S 6N dnbvh £ sicesk o ditctrdat o obtamned i n
exact saREVidEHL Wl%ﬁegéﬁog}#%r@l%f%g{., sane pul se, sane cooling O heating
t enper ature,. SaRBIeshade cBhtadterikationef dhe eanmtievisug HW2omide 5 lensur e

accurate controll'ed conditions, the drug product be t. 0 ext ended
bl ack bage Csmbinatioexbbritied SPEER w@%egtm%ﬁ“ﬁ@@ﬂ%’? P g, o

manuf act.ured, for, ex le,.by . Cl | ) other |6f%’3ﬂﬁ§i’0\hefroiﬂle entire
t esti ng MPEREEE P@Bﬁ%{}fﬁﬁi}/%u?% %?%g ]feeﬂr?ggigt ur ensgt@al_oi |'i zed and control | ed
chanmber yhi gh, eASUr 841N Aidpoasheent pilarpatanuoe fitemiig s also be

used. Of course, in this case, the database requires the storing of the

plurality of authentic signatures for comparison, as a function the signal

form, of time, wavelength, polarization, heat source type, etc.

In one embodiment, IR thermography apparatus 120 may comprise both a
cooled detector and an uncooled detector. A cooled detector is capable of
detecting Infra Red radiant energy in the range of MWIR (3 um-5.4 pm).
The detector array comprises, for example, 320x256 individual elements in
the size of about 30 um each pixel, or alternatively, 640x512 individual
clements in the size of about 15 pm pitch. In that case, the array may be
made of InSb (Indium Antimonide) or MCT (Mercury Cadmium Telluride),
and operated at cryogenic temperature. Furthermore, the detector array
may be connected to the focal plane processor (FPP) array {(not shown in
the figcure) by means of Indium bumps, and may be _iliuminatecl from the
back side. An uncooled detector is an electro optical assembly which
convei‘ts Infra Red radiant energy in the range of LWIR (8 um-14 pm). The

uncooled detector is built of a detector array which is housed in an



In the case wherein the signature of the authentic version of the sanple
drug has not been previously recorded and stored in the database, the
si gnat uMe0 2409%0E%9% anpl e drug is acquired as described REFEHIUWAE and
stored in a secondary database of the system of the present invention until
the authentic version of the sarrpl_621d_rug is acquired, at which tinme the
signature of the sanple drug is corfpared thereto. - 24 - According to an
alternative aspect of the present invention, passive thernography is
performed, wherein the sanple remains at anbient te,rrperg)téure, alnd i s not

heat ed @face@0dddeviesoTHe mgntaoledhidsteribd ArHaHt COMRESPR 8t BtABP 4yst em

detects only the steady state radiant em ssigh i 1LWR spectral
wavel endR0r25n dndiyideal &f@?ﬁ%ﬁ &h ﬁ%@%sfg@t ﬁ%%?dat agggée idght hat case
cont ai ns,_ sui t.abl,e £: 5l H-8%s o el Bieptdfc2@Baganimtdthe MA R
and/ or EWW%@YT%EWZQR%%S& aﬂ?ﬁ%n& eSnt tenperature. I n another

al t er nati, & b Pen SR tHer B Hrested gran 0¢ess(Virma dand 6ladener denerPiiSer at ur e
stabilized and control |l ed chanber. which ensures uni form anbi ent tenperature
condi t i Bilsconi, ehidrs vheratedriferround ®PM FeBRSTAEF  enbodi nent, the product
package itself (for exanple, the alum num package of the pills) may include
one or nore internal heating elenents. The one or nore heating elenents in

that casge, | BY: PR oMEdicpelclionid emeaokedr FR sisoembrrgh 8%e&r nal
el ectri i%?g%g?%!t)%g%ﬁlg% tt.?rn causes the phar rrgcfguti cal product to heat .
Accor di mgffb e hapabistet andysmicomes aaaythorgrdseg ide Py Ff‘{?i%

informati on may be added by the manuf r 1o We+desg during
the mangirassiir IGLEI0H: S5 Fﬁ‘?téflﬁ%ra}?o]ﬁﬁ{t Eéermgi %?%%Efagﬁﬁﬂf ijrr o&r;;f a
counterfeit drug...For sin ' HaWherCadamtum Wl horar air
bubbl es &Y agtglgﬁ%fr%&e% %%IOQ%%%’%%?S:ﬁr gr Wi tﬁﬂ n the drug. There are many

ot her posigithliStasayS sBysorhi ch additives may be included within the drug,
whi ch affect response in the MNAR or LWR, but not the nedical

effectiveness of the drug. Wile such an addition to the drug has no

significant effect, if any,.,on_t dical,ef Legidivenass Mitetbetids ug (and
t her ef or&lthargh Bat ?%Qfﬁ?%lgl%dra%ihﬁ%égl h?egrfa{aory approval by the FDA), it

- 25 .- oS b GNeh £f8Gt sdthe fluthefitr exeahgleatneefosm afifeliietg to a
rate m%aﬁggﬁae%% F(yn?l?atse, %r_ which form a_disti nsguicih ble signature
froma siyaal (Bee Bic. ) dwel Whoeh insthensiin The BEeebGt%e el 215 houl d be

noted that the_drug_ manufactur |, S04 4 u cﬁa}vg;q ditiiye DR the drug
package.nm%)@&ﬁél@tﬁ%é’r&%‘%}”@%ﬁﬁéﬁﬁ%ﬁc rlé/%w%ngyg{fr%‘éu e g’ g_orti on _on the
drug or packade. AR Ay ey S iEhIeMBTiel Yhay cahedtampd épscostic.

transmission properties at high frequency may be utilized.

Fig. 2 shows the assembly of a cooled thermography array detector 122 in
a schematic form. Array detector 122 comprises a focal plane array 150
and an electronic interface board 156. A vacuum chamber 152 is shown
joined with a cooler 154. In the alternative case when an uncooled detector
is used, the assembly does not comprise a cooler 154, However, in order to
maintain the focal plane array at a steady temperature a thermo-electric
cooler (TEC) may be provided instead. When an object emits IR radiation
as indicated by arrow 158 it is filtered by Glter 160 and impinged on focal

plane array 150 in the desired wavelength.



In still another aspect of the invention, the present invention enables the
determ ning as to whether the drug has been exposed during its I&fe to
inpropeﬁ”%gﬂPﬂ%%ﬁ%itions. In that case, the drug is cog?ggﬁﬁvmyﬁsﬁdible
thin |l ayer that changes its physical properties when exposed to a
tenperature above sone predefined a4 owed Emts. Just for exanple, the drug
may be coated by a thin chocol ate l'ayer, and the authentic signature of the
drug includes such layer. Later on, if the drug has been exposed to sone

t enperature above a roomtenperature, this coating,nel.t Lt affects
al so t Mphsd gnather ebote shbodineny IWWF@@PHPW@T% a@ﬁ%@ﬂjﬂf%a@@?%gé‘sﬁ adi ati on,

as is the case) as obtai ned by t.he ap r §8EPEimeAvENti on. I n
such a nreAsERre ﬁ%t}éﬁ)ﬁé?%ﬁ]g§ng¥mi He: 8?9@‘2%%%&%%%@%%% onﬁcgn detect not onl y
counterfeit, but ggllﬁglé' hxﬁgqseab%ﬁheem@ﬂcﬂ byatdd bhea draag tdvate iehf: suf f er

i npr oper§t%6Page condition

throughout its life. Nb{v&?jl\éﬁr" in aﬁosim'lar
manner §ReiaRpas At @fnttdlked byentdignal aenenader dfsu e SGHETI Y of a
drug, and detect a drug has ,been m stakenly. act i1.854 acki ng sone
of its éxmmell,ensied Trchon AgkR: B?Ctﬁﬁéfeeéﬁeéhc{%ggﬁc??a ygﬁ\éﬁ\}lollevgs devi ati on

from the autheptjc,signat ' . Ro8rii. bW Re 2008 iz i thia.
Ther ef oP‘é‘{ther?Hﬁ% hea go#ﬁ(g(r}ié@?%ge@ﬁg%%i toy %ssurance as descri bed

herein %%édlf&pt he Einstb Mok shetlativno iy hautpidd stapgst carroPy r'dh a

conventtonal Counterfeit. In other words, .the term"counterfejt" of drug
rel at estherraoyragéyi BRi oston, (he AWRRRR FEigh dﬁ’n?‘??&?%gﬁgn(fogl,dgﬁgﬁ matter what

is the reason that has caused this.deviati fledB8d- FoR Sidrhpleanot her
embodi msrAIERINERe WhETRe G 3Hﬁle§ftf%§b%%a %]%&é Vg@%scgn? i nvention has been

descri bed herei:n wi RGR. ok Oyudet €6t hngedeoternEntdineritdigstinithe
appli cat%irgﬁ%égdpﬁ%\ﬁstng?%%ge%ﬁd s;?s?)em descri bed her ﬁi n ma% be. egua& ly be
usef ul fpilt hgyd denirl casinperafuret hr theurRiOONEr t SpPBddRt SPEGEN “as

currency, dianonds, food products,..or,ather u [ i aicgdevi ati on

fromt h@redawrh@nﬁﬁcampﬁ@géﬁi %n@Odﬁﬁ?%%eg}ps?r%‘%%l’ ff }?en ﬂa}dg%%g%i %Cntti me of

their 2D her nogr aph S St 1 ke pexapke Duati@rt bei ng
%EHCE bsrr%leﬁf %§é¥v&w{:5 08%1 PR WS O p

subj ect & eérm ned control |l ed tenperature chang%{ ]E'geref ore,
in one spegifjceredi mEnthof hehsinenveriodbnanties tcepHPedm§go% n i s

application may be expanded to include sajd other t S p S
(al t houghetrheygrapey agineanbys ®6tthar @5@58_11%%@&’11]%6@2%@%éﬁp%@g#%% of the

present invention n detect a co j Rywapphyifgnonee @t nore of
the fol IW%@OFJEH%%E%E?Q e ﬁﬁ@&gpéefhfﬁﬂll%lsggﬂg%t eu%f tenp%?at ure variation

(i.e., nmni t 0, JTBYLBUE$ SIMAnAddlr & eomparedy erisyr whetalisi 192 B&eappl i ed
to the s%{gé@ i .&é., tgéit h}te "master" authentic drug,. and to t.hlg t?‘%ug in
quest i onYgpay, Theatpeatitalhedty seanceck AL PROESHOEIUEY e Csai d

2% Soamemsminy sobeet: Berrpr ST pe R GRS 21T
Corn PP e, o st ignal, e g sl 8
heat (cooling) source; 5. The type of detector, i.e., a cooled (MAR)
detector ;&sosraig, tnlgenégn,%‘?geidragilfggisn ?:ggggn}xs%r gs o function of time (i.e, either &
continuous varying response or the radiation after a specific period from

the moment of initiating the heating) of the sample drug and is compared

to the signature of the corresponding authentic version of the sample drug.

If the signature of the authentic version of the drug is identical, or at least
highly correlated above the predetermined threshold to the sample drug,
then the sample is considered to be aquthentic. If, however, the signature of
the authentic drug iz not identical or highly ecorrelated above said

predetermined threshold to the sample drug, then the sample 1s



6. The option of applying averaging of the response fromthe sanple at two

tines, e.g., at ?)(Pgredetern‘i ned tines Ti and T2. It should be noted that use
of ot herWP PRI npt henati cal operations is al so possPBFAL2EFPHER | n t he
time domain or in the spatial domain. Analysis in the - 27 - tine domain

means anal ysis on several frames thatyare obtained during sonme tinmes, for
exanpl e, averaging of 10 sequential inmages. Analysis in the spatial domain
nmeans the application of sonme inmage processing algorithmon a single inage,

for exanple, in order to enphasis the edges, of the authentic Qr tested
i mges. Speafered &bﬁ;ﬂogg&ﬁé@%go@% isﬁﬁ@qﬁ et ?WL‘{‘%%&E’ rPeg?%éya eragi ng
over time of [rane.nmages, ‘ oAk | POt ahtadren iviligRs over
tine, Folfii&ps (P ahsform oi\’/edr§£tlé)1|’rlgr%%g’aIBg\(’/avﬂ‘%)!}ag?/l [ %t er in the tine domain, or
hi gh passpd bbisierfds Bhe tiameligavRiad. Specific exanples for operations in
the spatial domain are FFT (Fast Fourier Transform, Wavel et Transform

Di screte Fourier Transform (DFT), Discrete Cosine Transform (DCT), |ow

pass, or high pass. These are..only,.exanpl es; t ical
oper at i oA &et"ﬁ‘éusiﬁe?ﬁiglln&n f“]rt%n%% iang?éjt}]ﬁgg%lp%%rg&ﬁ. &)%%i 18%?] on of
using 0”%9&&?%&&%' L8hSrathr Ogedgr at kiR Bodlnes I espleRd estich aaspe fic
optical range. ~The "option of conparing between the signatures of the

aut hent i @xpadsjtolné frspegtredetextrened| apmcikdges aleunitatin Br Tpagha&e @arton or

pl asti c packages). of the _pills, or the,.nternal alum num packages of the
i [1's: 0 PTAGSIERtPGAEEOIIAR tAEBIATITE (yPARTPPREaE B BY°S RS Bt

em of the
i nvention_ingl fi : Ay AR ORI HEsh 0, dhe i oduct
when obt gpﬁ}rﬁéﬂﬁg% @%ﬁﬁ@ﬁt%@?{i@o@% %@gft%?g?%%uré}s. Tﬁg}g‘é condi tions,

al t hough spradgihdeter ahe everof fHeepiiiee In Enemeflar eyariderfor asdascrifdkon it is

found that the apparatus of the invention cannot clearly dis ing%ifsh
bet ween absyechisocinathehents of soriin ke WISty SHERRHETT: &%eW@Be%% T

neen &= el it ¢ e . e
crder tokert Bl bRE thi aBrEt AR AP Pt PR R ShcRd o
par anet ers thafed OrdRdiRBnRPOISED! eacendighilens sane vabylimgt hirn hertyng ar ge

ranges, there 1s alnost no
temperature, same period, etc.).

In one alternative, in order to ensure accurate controlled conditions, the
drug product may be put on an extended black body (such an extended

black body is known in the art, and is manufactured, for example, by CI

Inc.).

In another alternative, the entire testing process is performed within a
temperature stabilized and controlled chamber which ensures uniform

ambient temperature conditions.

In the case wherein the signature of the authentic version of the sample
drug has not been previously recorded and stored in the database, the
signature of the sé.mple drug is acquired as described.herein above, and
stored in a secondary database of the system of the present invention until
the authentic version of the sample drug is acquired, at which time the

signature of the sample drug is compared thereto.



- 28 - doubt that a suitable-condition can be found for each and every

phar maceuti cal product in the market, that will result in a distinguishable
authentﬂ@?@VW§F§ﬁ§ture for that product. Al the aboveP6pth¥REIHESF be used,
whil e defining the conditions for obtaining the drug signature. It should
be noted that the conditions may chaspge fromone drug to another, in order
to find a condition which provides a distinguishable result. Such
conditions may be deci ded specifically for each drug upon having known
counterfeit drugs, in order to find a condition that best distinguishes the
aut hentic drug fromsaid given drug product which is known to be

counterfeit. .Therefare, ri It i o] k-EOUS drugs
o Type SPHARE. Crart MR EYR, B P

fol | owi ngyamdesiaphy AN RUt@HRId, Cwiledeinl fhuhbghpideeavahaant aombiegger f or med
by means of inage processing which conpares (correl ates) gﬁt\geen t he i mages
of the authestitwranand e g p@Pr >d. 2ACGOPRERS B9 GEESSTRgIERCPh tem 1,

pass, Frhe Bprdcioorr orsiom aSeRh o i b i, AR ellED SR AT,
appar at ug, Y YA Yo %zxg?ﬁgrﬁ%c@le&lvﬁﬁﬂelbhgtﬁ,%armﬁ%s aAftMiidn BB taesonst r at ed

by the folTow ng exa operation in such manual node provides very good
resul ts fhu@nle deahbiyepirciiatcaset @nteints srsekle emparabmee gigniagurest he

apparatus may only coll ect Si re 0 suspected drug, d conveys
it to a Securidgnsic dr‘(i%dnrrgh%t i aa%‘%ﬁn%%"}’]@r gsr?gﬁfﬁae % Gr 3%8 rison. In
t hat case, ..he ari S00 is performed in the secured site. Follow ng said

0
conpari sgmb?ﬁgg%% %]Fae%ws'l te returns the yes/no result to the apparatus; -
29 - :

In another alternative, the entire testing process may be done inside a
temperature stabilized and controlled chamber which ensures uniform

ambient temperature conditions within the chamber.

In still another embodiment, the product package itself (for example, the
aluminum package of the pills) may include one or more internal heating
elements. The one or more heating elements in that case are activated by
providing to them a corresponding external electric signal, that in turn

causes the pharmaceutical product to heat.

According to the present invention, additional secret identifying
information may be added by the manufacturer to the authentic drug
during the manufacturing process in order to further distinguish it from a
counterfeit drug. For imstance, an internal barcode in the form of air
bubbles may be included by the manufacturer within the drug. There are
many other possible ways by which additives may be included within the
drug, which affect response in the MWIR or LWIR, but not the medical
effectiveness of the drug. While such an addition to the drug has no
significant effect, if any, on the medical effectiveness of the drug (and

therefore, will not require additional regulatory approval by the FDA), it



5. In stild another option, th i
_ , e apparatus conprises within i
dat abase of signatures for various drug types. 6. In anot hertoat: g(r:]althe

conpari SR HWQORUAE | ocal Iy betwe i
; _ en a signature as obtalht 1458
dLug_ and a signature as obtained at sanme tine froma dr ug&mzﬁfqéh ;&Sssuspect -
gbgz: ﬁ?lalg :\lj?hlaﬁﬂg Eo 't'hef oper atuc%r; and is known to the operator to be
a "reference drug”). At the time when verifi i i
necessary, the apparatus first extracts in site the authentic siglng'?blrgn e

fromthe reference drug, then it extr I
refer. , xtracts a sjgnature. f :
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and orientation in relation to t ' etermned fix position
(i.e., radiation fromthe drug) he one pixel array, and the signature
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improper heat conditions. In that case, the drug is coated by an edible thin
layer that changes its physical properties when exposed to a temperature
above some predefined allowed limits. Just for example, the drug may be
coated by a thin chocolate layer, and the authentic signature of the drug
includes such layer. Later om, if the drug has been exposed to some
temperature above a room temperature, this coating melts, and 1t affects
also the signature of the drug (MWIR or LWIR, active or passive
radiation, as is the case) as obtained by the apparatus of the present
invention. In such a manner the apparatus of the present invention can
detect not only counterfeit, but also it can ensure guality of the drug that
may suffer improper storage conditions throughout its life. Moreover, in a
similar manner the apparatus of the invention can also ensure the quality
of a drug, and detect a drug has been mistakenly manufactured while
lacking some of its ingredients. Such & lack of ingredient generally
involves deviation from the authentic signature in terms of MWIR or
LWIR 2D emission. Therefore, for the sake of brevity, the quality
assurance as described herein will not be distinguished throughout this
application from a conventional counterfeit. In other words, the term

neounterfeit” of drug relates to any deviation of the authentic drug

ingredients, no matter what is the reason that has caused this deviation.



obtaining the test signature fromthe drug product, the drug in question is
posi tioned exactI% in the sanme position and orientation as defined for the
aut hent 0 8P419%8%ch that the - 30 - conparison is maBeT ¥ HéHect to a
same point respectively in said two, authentic and tested drugs b. Wile
obtaining the authentic signature fr t he drug, the drug product (such as
a pill) is positioned at a predetermined fix position and orientation in
relation to the one pixel array, and the signature (i.e., radiation from
the drug) is obtained by said one pixel array with respect to the whole

dr ug. Inh%] faﬁlcaﬁ@bdhehfhenﬂqnﬁimsnﬁmf ithagesverteomhelihogictig tha PIRseBhe pi xel
array such that radi ation from.the.whol.e dru roduct I.S _neasur Wi | e
obt a![ ni ng}%ﬁ@oﬂ&@ E?%Q@W@Dﬁﬁ%ﬁ"ﬁeﬁgljf}ég? agﬁ%ﬁ) %?tgﬁhgg,coPﬁeer ng in
question.is itione I bdom; i ben as
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respect b@nals¥aen i MathoMdmifaitb wbotlearn banttecfesingradsiedudrugs. c.
The third alternative option is the _same as the fir%téksggt.i on .descri bed

above. Hewewmerenthe doppondsi $00fbuaBRECSUCHF (A1HET | PLO S #HECYr g product
each

in such mannher . t ha i me_anot her point rface of
the dr ugaﬁﬁ"‘@&‘i’@tfr?@z%}f%r ﬁé’ﬁ%%ﬁté% mﬁ??@ﬁ%ﬁl 15&83891%})% g%ﬁg{%ggﬁﬁgﬁgﬁé pi xel
array _6”’9,]%% ra?ghegpgbwﬁem%yaﬂﬁﬁ_mmﬁ of WIVEIR enfiakiove$dr bsageher al |y
nore sinple and o ower cost, so it nore suitable for use by the end user
of the dufgr bemgexampaedntd tsrwmeredetermined controlled temperature

change. Therefore, in one specific embodiment of the invention, the term

“drug" in this application may be expanded to include said other types of

products (although they are actually not drugs).

The thermography apparatus of the present mvention can detect a
counterfeit drug by applying one or more of the following techniques:

1. Predetermining a rate of temperature variation (l.e., minimum to
maximum temperature or vice versa) that will be applied to the
sample (i.e., to the "master" authentic drug, and to the drug
gquestion);

2. The type of heat source that will be used to effect said temperature
change, for example, a typical oven, a microwave bas_ed oven, a laser
based heating source, a refrigerator, a thermo electric cooler, ete.;

3. The profile of the temperature variation signal, ie., a spike, a saw
tooth signal, a step signal, a cyclic signal, eic.;

4. The distance from the heat (cooling) source;

5. The type of detector, i.e., a cooled (MWIR) detector, or a non-cooled
(LWIR detector);

6. The option of applying averaging of the response from the sample at
two times, e.g., at predetermined times T and Tp It should be noted
that use of other types of mathematical operations is also possible,

either in the time domain or in the spatial domain. Analysis in the



It should al so be noted that the systemof the invention i
princi plli‘% mg}ﬂwo nodes of operations, which are referrgd {rgyhce)}rz)girﬁt :sl "
act i ve'WAAWURHIE| ve". In the passive node, the aut heRETERYS/ WAL est
signatures are obtained in the anbient tenperature, w thout the application
of a heating or cooling signal. Generally, in the passive node the IR
radiation is a function of (a) the'giﬁssivity of the object, (b) the - 31
- selected wave length band (MNR, or LWR etc), (c) the object tenperature
(Plank equation), and (d) the anbient tenperature. The operation.of the
t her mog, r aphy;nsy Shemihnukhes pasdyvie mmdevelsdr Bpores Prateals ORHEPPY

properties of the surface of, the object, t of .i .
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domain may be applied.
7. The option of using one or more filters in order to limit the response
to a specific optical range.
8. The option of comparing between the signatures of the authentic
and the suspected external packages (aluminum or paper carton or
plastic packages) of the pills, or the internal aluminum packages of
the pills;
9 As mentioned, the authenticity verification by the system of the
invention includes predefined conditions that are applied to the
product when obtaining the authenticity and test signatures. These
conditions, although predefined, are very flexible. Therefore, if for
some reason it is found that the apparatus of the invention cannot
clearly distinguish between a specific authentic and. counterfeit
drug when one specific condition is applied, the predefined condition
can be easily modified in order to find a more suitable condition.

The fact that the various parameters that form the possiiﬁle

conditions can vary within very large ranges, there is almost no



- 32 - each tablet was detected using the system of -the present invention
during the cooling process. In Figs. 5-7, the thernography image of the
tabl ets V¢ 2§W6W9gsi ng a detector array conprising 640§§T%L%0ﬂ%&\}-?fﬁual

el enents. It should be noted that the images in the experinent, as
performed, included a display in a cegored scale, in which the col dest
tenperature was indicated as blue, while the hottest tenperature was shown
as red. The color in this scale was varied between these two extrenes for

di spl ayi ng ot her_tenperatures, accordingly. .Thereforge, in.this experinment
the deter ni nafPBbt ¢hah acéﬁﬁ'?g]ref EPRAHTG ChRSPE %%n‘ia@r e%a%anﬁm Y

di stingui shabl ﬁa%z?x%ﬂa&ﬂc&lh%rgtﬁ?ﬁak ANdpehint 811 TRGES tasyiAr QuLARd thnat hi's
application. FOFTRIS feasdn, the present Invention encourages Using such a

col ored scal edi@ingiispiisiinghvaticig M Rwes fLWIR T @deicat ure em ssi ons.
Fig. 4 shows a two di nensional thernography i mage of the tablets 302, 303

at t=1 second, followi ng the application of the cooling pul se. Thernography
i mges of the tablets 302, 303 were then acquired at 10 seconds (Fig. 5)
and 15 seconds (Fig. 6) as further cooling took place. Figs. 5-7 thus show

the changg; itRet BEoJeLERYLARNY BRI 8SEQNWAVRY dtem@n%artglet epReRidr frchange
from40C to 20C. The thernography inmage of counterfeit drug 302 is clearly

di f f er enpbfainimg hinté dohg sigdenre.c IdrshgsiBd8 nothe thhethegraphyorismgss of the
figures show aut hentic drugs 303 progr.essiyvel comng lighter, i

appear anEBaBAL | U%QQQagﬁi%éﬁr@?oﬁ’r?&eﬁ@c? "e%lcb&’%iqﬁea ﬁ%ﬁﬂ ‘é%/eW](”fg?lg. 6) in
front of _t ckgrour : n ei e 3 i B.C lison to
R R o
5, and t kpacibeghiEostidhitye bbahieriby kibbef édurtentelt degand: ondgetoof Fi g.

6. -33 - Exanple 2 A feasibility test was performed ysing ap | nSb cool ed
det ect or firfha chrdikion thatbass distenempished the enbesnian daug %’éﬁﬁisél efs and a
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conditions may be applied for various drugs or type of drugs. Furthermore,
the apparatus may operate in one of the following modes:

1. An automatic mode in which the evaluation is performed by
means of image processing which compares (correlates) between
the images of the authentic and the suspected drug;

2. Image processing as in item 1, while a specific operation is
applied to the image, such as high pass, low pass, FFT, DFT,
DCT, ete.;

3. Manual mode in which the operator of the apparatus visually
compares between the two images. As will be demonstrated by
the following example, operation in such manual mode provides
very good results in many real typical counterfeit cases;

4, In one option, the apparatus may only collect a signature from
the suspected drug, and conveys it to a secured site (who
maintains a bank of signature) for comparison. In that case, the
comparison is performed in the secured site. Following said

comparison, the secured site returns the yes/no resuli to the

apparatus;



The | ab prototype consisted of: 1. A cooled detector in the MANR regi

(31i m5.4ug}"9 21.9 9Optics; 3. Electronic circuitry for acquiring a 2(13)gl o

di gi tal ‘§B qéﬂ Qﬁage fromthe detector outputs; and 4.1’8%@%’}3?/%8%% bl ack
body for applying a heating signal. The prototype apparatus is shown in
Fig. 7a. The apparatus conprises elegtronics 801, focal plane array 802 in
the MIVR range, Optics 803, and a black body 804 manufactured by Cl Inc. A
Cialis package 805 is shown placed on said black body 804. Several tests

were perforned. During the tests, various sanples were.pl.aced I
804. In each of Isatidl aesther opiwnpthe @p@@a@t%ngommlﬁ?%ﬂlﬁl@ef‘ %%%égcéckf ? g?y

stabilizing the t erature of th C '
reduced to 15C, d@fﬁrﬂpa@eroé@bgr&ﬁ%%es Forbéa%iﬁ%sle)@lgyn%%e%pc’ Ssion of the drug

_ : every e em ssion of the drug
during the endifg 18 i, CHaNgsmpbhRopetiensde dbcdlly imbgesn tthat wer e

; 8k &
obt ai ned was average(gﬂto ;#ovi de a single image for each test. The two
authentic and ceimptzrfeiat dovages fremeacowpasted. dRIgang e SKSRSYE &dnpari son

it henti ¢ and cenfiePRd RERaliTEe prithe: UrEE Saritha: SRAtAE AR Des are
very easily vi SYg ltlh)é %e%ttait&gléhﬁhﬁbkﬁown to the operator to be absolutely
authentic (a "reference drug"). At the time when verification is
necessary, the apparatus first extracts in site the authentic
signature from the reference drug, then it extracts a signature
from the tested drug, and then it performs comparison between

said two signatures and provides a final conclusion.

In still ancther embodiment of the invention, the MWIR or LWIR array
detector 122 is a single pixel “array” (although the term "array" generally
refers to plurality of sensors and not to a case when only oné sensor is
used, for the sake of brevity the present invention uses the term "array”
also when ssid array includes only one sensor, Le., pixel). More
particularly, the array includes only one TR sensor. There three
alternative options for operating with said one pixel array, as follows:

2. While obtaining the authentic signature from the drug, the drug
product (such as a pill) 102 is positioned at a predetermined fix
position and orientation in relation to the one pixel array, and
the signature (i.e., radiation from the drug) is obtained by said
one pixel array with respect to a predefined one point over the
external surface of drug product 102. In that case, the optics 124
directs the one pixel array toward said predefined point. While
obtaining the test signature from the drug product, the drug in
guestion is po.sitioned exactly in the same position and

orientation as defined for the authentic drug, such that the
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bet ween the t\/\/q;roduct (such as a pill) is positioned at a pr

position and orientation in relation to the one pixel array, and
the signature (i.e., radiation from the drug) is obtained by said
one pixel array with respect to the whole drug. In that case, the
optics 124 images the whole drug on the one pixel array such
that radiation from the whole drug product is measured. While
obtaining the test signature from the tested drug product, the
drug in question 18 positioned exactly at the same position and
orientation as defined for the authentic drug, such that the
comparison is made with respect to a same orientation in said
two, authentic and tested drugs.

c. The third alternative option is the same as the first option
described above. However, the optics is movable such that it
"geans” the drug product in such a manner that each time
another point on the external surface of the drug product 102 is

measured.

It should be noted that said one pixel array embodiment (particularly its
first two alternatives) is generally more simple and of lower cost, 80 it

more suitable for use by the end user of the drug, for example in its home.

Tt should also be noted that the system of the invention may operate in
principle in two modes of operations, which are referred to herein as
"getive" and "passive”. In the passive mode, the authenticity and test
signatures are obtained in the ambient temperature, without the
application of a heating or cooling signal. Generally, in the passive mode

the TR radiation is a function of (a) the emissivity of the object, (b) the
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b:atg- 7i shows a conparison as obtained by the apparat ttz)%vé&vention
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i ch includes each an al um nu pac%a L ch iha Lunpyechides Teach > ,
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addity Ogbta(_jilnggef{)ﬁg&%lg %trcdurli%g '{B!a ea;?blication ’100 the object of a ﬁeailzi\rlllgsflarom
cooling signal. In that case, the IR radiation from the product is a function
of: (é) the operating wave length band MWIR or LWIR, ete), (b) the
product temperature (Plank equation), (c) the ambient temperature, (d)
the emissivity of the object, (e) the thermal conductivity of the object, ()
the object heat capacity, (g) the object thermal convection, and {(g) the
absorption of the thermal pulse due to object molecular
structure. Therefore, the use of the invention in the active mode is
preferable, as it reveals various properties of the object that are not
revealed while operating in the passive mode. A full imitation of all said
properties in the counterfeit product that are all affect the results of the

active mode operation of the system of the invention, is essentially

impossible.

Example 1
Five drug samples (tablets) were obtained for detection via active

thermography using the system of the present invention. Four tablets
were authentic and one tablet was counterfeit. Fig. 8 shows an image of
the five samples acquired from a standard CCD camera. As can be seen,
all five samples are essentially identical in appearance (color, shape,
dimensions) to the human eye, as well as in weight, The middle tablet 302

is counterfeit, whereas the surrounding tablets 308 are authentic.

The tablets were placed on an open surface calibrated at 40°C. A pulse was
applied to cool the tablets from 40°C to 20°C. The MWIR emission from



The results of Exanple 3 were obtained by an apparatus which uses an -

uncool eq detector (in the range of 8p.mto 14p.m The | obt ai ned
for the%%ﬁ@g@%ﬁ es as used in Exanple 2. Several tes §§/M§8/(%§\E or med.

During the tests, various sanples were placed on black body 804. In each of
said tests, the black body was initgally set to 30C. After stabilizing the
tenperature of the black body at 30C, its tenperature was reduced to 15C,
while recording (imging) every 1 second the emi ssion of the drug during

the entire tenperature change. The seguence, of ' Haluveie obtained
was aveeagetahlet Wﬁéc@%sgﬁ&ﬁgﬂeﬁﬁgmﬁs&ﬁﬁg 1?’%%8 E of each 1tlestg.e The two
aut hent !tﬁeegn .counterfeit imges were conpared. Fig. 8a shows a conparison

as obt ai ¢ he'Uncool ed apparatus between the two authentic and two
counterfeit CiaEs pills respectively. It can be seen that the authentic and

counterfeit inmages are very easjly visually distinguish €. = - Fig. 8b

shows t e Fwz. dufhéhei thearmagaspar R I%e ég)t}%’@e%;@e&gﬂw&g@ TS %%%O al i g

pills of Fig. 8a, as obt.aine 1,.9) 1t khoGRNbdeeseEN t hat

al | sai dieﬁ*qu“P% a?‘r?é’g@?%?%%@%?% %ﬁ%&g.&%igﬁ E%cltssﬁgv\@ a cgrrpari son as

obt ai neq, by %&Q%@%@QQB%@@?%%@&, hepeeferntadn ihohidedpadiegday paper carton
mnuny aut ie

and alu ntic Galis pills and two fully pa.kequ'cou rfeit
G alis pioldredr esipecin wehich the calidse tsamerabare e rl’églﬁé Ve itthentic and

Che. art while @A w00 EIERACTo A5 RUER Thokber e han 2 coaled ot ect or .
det oot oS a B BaTET o B TR S oot for e Doth. provi do.vory
di sti ngujshabingls estdrefore, in this experiment the determination of a
counterfeit drug was even easier and more distinguishable than in the
black and white images as provided in this application. For this reason,
the present invention encourages using such a colored scale for displaying

varied MWIR or LWIR temperature emissions.

Fig. 4 shows a two dimensional thermography image of the tablets 302,
308 at t=1 second, following the application of the cooling pulse.
Thermography images of the tablets 302, 803 were then acquired at 10
seconds (Fig. 5) and 15 seconds (Fig. 6) as further cooling took place. Figs.
5.7 thus show the change in the thermography emission over time and

temperature change from 40°C to 20°C.

The thermography image of counterfeit drug 302 is clearly different from
that of authentic drugs 303. The thermography images of the figures show
authentic drugs 308 progressively becoming lighter in appearance until
they are nearly undetectable by the human eve (Fig. 6) in front of the
background as shown. Counterfeit drug 302, in comparison to Fig. 4 which
has been taken after the first second, became darker in Fig. 5, and then

became slightly lighter by the fifteenth second image of Fig. 6.



In still another enbodi nent, both cooled MANR detector and uncooled LWR
detector_are used together in the same system Such rrul%i spectral detector
use can ‘69\%%095”%95her range of sensitivity. Although st Wnaz[‘)}%@tl% is nore
expensive and conplicated than of a single detector system a nulti
spectrum systemis advantageous in_gome hard to distinguish cases Exanple 4
In Exanple 4, an apparatus which having an InSb (in the range of 3umto
5.4um cool ed detector (640X512 pixels at 15um pitch) was used. A test was
performed with an authentic container of Optalgin drops and another with a

count er febingler® ai ner of a liquid Optalgin. During the tests, the sanples
were placed on_a black body. In each of sal t h 6k hody was
initial By fetibilgyagest Rfﬁtse\é’e’s” ?ﬁﬁe%i AR R edltl{e%;e(%g%etl?r gieg%ﬁt he - 37 -

bl ack body. 8t 30Gx: ISl AR ALLE WA ihiduerdClalidSad ehiduntedledr di ng
every 1 ¢ ﬁyt 8" em ssion of the drug during the entir tentger ure
change. (fhgssegusneedat biOthardfestdrautivet Enpraliss g E@J@F gel to
provide a single inmage for each test. The two authentic and counterfeit

i mages UratinampaPtede ofilgtaeba shows an i mage of authentic and counterfeit
liquid Optal gin containers, as obtained by a CCD (W5) canera. The upper
container in the image is authentic, and the lower is counterfeit. Fig. 9b

shows thfnfﬂiﬁe%%eﬁﬁer@ﬂ%ﬁt@&@@c“ vely, as obtained by said apparatus, as a

result o e ‘experiment as described. As can be seen, these two inmages of

t he aut henti CA@B@Iledoiﬂteei]off@ﬁhe&ﬁw&ﬁﬂ%o%ﬁ@%gﬁt“@si ly visually

di sti ngui shabl e..
2. Optics;

3 Electronic circuitry for acquiring a 2D digital spatial image from the
detector outputs; and

4. An extended black body for applying a heating signal.

'The prototype apparatus is shown in Fig. 7a. The apparatus comprises
slectronics 801, focal plane array 802 in the MWIR range, Optics 803, and
a black body 804 manufactured by CI Inc. A Cialis package 805 is shown
placed on said black body 804.

Several tests were performed. During the tests, various samples were
placed on black body 804. In each of said tests, the black body was initially
set to 30°C. After stabi]izing the temperature of the black body at 30°C, 1ts
temperature was reduced to 15°C, while recording every 1 second the
emission of the drug during the entire temperature change. The sequence
of 10 images that were obtained was averaged to provide a single image

for each test. The two authentic and counterfeit images were compared.

Fig. 7b shows a comparison as obtained by the apparatus, between two
empty aluminum packages of authentic and counterfeit Cialis pills. It can

be seen that the images are very easily visually distinguishable.
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Fig. 7d shows a comparison between the two suthentic and counterfeit
Cialis pills, as obtained by a CCD (VIS) camera. It can be seen that the

pills look essentially exactly the same.

Fig. Te shows a comparison as obtained by the apparatus, between the two
authentic and counterfeit Cialis pills of Fig. 7d. It can be seen that the two

images are very easily visually distinguishable.

Fig. 7f shows a comparison between the two authentic and eounterfelt
aluminum packages which include respectively authentic and counterfeit
Cialis pills, as obtained by a CCD (VIS) camera. It can be seen that the
packages which include the pills look exactly the same.

Fig. 7g shows a comparison as obtained by the apparatus, between the two
guthentic and counterfeit aluminum packages which include the Cialis
pills of Fig. 7f It can be seen that the two images are very easily visually

distinguishable.

Fig. Th shows a comparison between the two authentic and counterfeit
paper cartons which include aluminum packages which 1n turn each
includes respectively authentic and counterfeit Cialis pills, as obtained by
a CCD (VIS) camera. It can be seen that the packages which include the

aluminum packages with pills look exactly the same.



2. . ' . .

i rra-glg-ihﬁgrregho'?'hce)f Clt-aﬁl m 1, wherein said product is actively cool ed before

! magi %(}gw{%%ﬁgg od of daiml or 2, conprising placing said product on

a YO &%r within a cooling chamber and cooli HST’g%?OBS/?ﬂl uct whil

cooloir nWI t]tn nhsal d cooling source. 4. The nethod of Claim3 e

cool entg ?e te(ra {)roduct for atine %?’_I od sufficient to obtain cooli ng bel ow

ambrent {rp ature. 5. The met hod “6f Claim 3 or 4, wherein said cooling of
p uct conprises applying a cooling pulse onto said product. 6 Thg

nethod of Caim5, wherein said coolin ul IS i
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As said, the example above, as well as several others examples were
performed using averaging of several images in order to obtain the
 signature. It should bé noted that other mathem_atical operations may be
used as an altermative to averaging, such as multiplication, integral,

differential, division, addition, difference, etc.

Example 3
The results of HExample 3 were obtained by an apparatus which uses an

uncooled detector (in the range of 8um to 14pm). The results were

obtained for the same samples as used in Example 2.

Geveral tests were performed. During the tests, various samples were
placed on black body 804. In each of said tests, the black body was initially
‘st to 30°C. After stabilizing the temperature of the black body at 30°C, its
temperature was reduced to 15°C, while recording (imaging) every 1
‘gsecond the emission of the drug during the entire temperature change.
The sequence of 10 images that were obtained was averaged to provide a
single image as the result of each test. The two authentic and counterfeit

images were compared.

Fig. 8a shows a comparigon as obtained by the uncooled apparatus
between the two authentic and two counterfeit Cialis pills respectively. It
com be seen that the authentic and counterfeit images are very easily

visually distinguishable.



~g tThe rrg%hodtofzgny omi of claimse 1 to 8, wherein said NNWR to VLWR IS
et ween imto m 10. The nethod of any one of Clains 1 1to wherein
sai d vva\yéf’éﬂ‘&f“ﬁgﬁ?? wavel ength spectrumis sgl ect ed froHF@HHt@Sfa(&H% and

8,1m 14/Im 11. The nethod of any one of Claims 1 to 10, conprises
processing said one or nore IR imageggof said product into a visual image
or a quantified value. 12. The nmethod of O aim 11, wherein said processing
utilizes a spatial or time donmain mathematical operation on the IR inage of
sai d product to obtain said visual inage or quantified value. 13. The

ge: hod of CI ai s I1 or 12, wherei n sai d conparison conprises correlating

bet ween I sua e Y, f r more IR
mmges ofiE 650 Srounere dreruBaNs Bt Bl B ol R e
drug. 14¢ wg}&e 16t bodofs Ll al @Btaﬁle(y\ﬁagr@oﬂ]:sa(\ﬂspwﬂemrm cmdl bsi geat ure of a
reference 8 conprises a visual |ma%e or quantified value froma database
of vi suathdtragesidopiltyiamdesiledk eaneids the samsl-ural ity of reference drugs.

15. The method of any one of Cains 1 to 14 conprising displaying said

compari son. -I 40 - 16. The nmethod of Caim 15 wherein said displaying
conpri seg. n hid tRE 8absblpd ogdiedraahiongsi de
with one?oéi %gr%xé‘?rgg%s& Sai cf?rééiéf ?r]be%n%:eéag?ﬁz Ol O )

between two fully packed (paper carton and aluminum) authentic Cialis
pills and two fully packed counterfeit Cialis pills respectively. It can be
seen that the respective authentic and counterfeit images are very easily

visually distinguishable.

Tt is known in the art that an uncooled detector is much cheaper than a
cooled detector. It has been found by the inventors that the results by the
two types of detectors are essentially the same. In other words, both

provide very distinguishable resulfs.

Tn still another embodiment, both cooled MWIR detector and uncooled
LWIR detector are used together in the same system. Such multi spectral
detector use can give a higher range of sensitivity. Although such a system
is more expensive and complicated than of a single detector system, a

multi spectrum system is advantageous in some hard to distinguish cases.

Example 4

In Example 4, an apparatus which having an InSh (in the range of 8um to

5.4um) cooled detector (640X512 pixels at 15um pitch) was used.

A test was performed with an authentic container of Optalgin drops and
another with a counterfeit container of a liquid Optalgin. During the tests,
the samples were placed on a black body. In each of said tests, the black
body was initially set to 30°C. Affer stabi]izmg the temperature of the



17. The method of Caim 15 or 16, wherein the displaying conprises color

di splay of the one or nore i nmages of the product and the o

e or nore inmges

of the r"%@é?@é’f%%wﬁrug. 18. The method of any one of d s?mﬂffaf‘f?%%f?,

wherein said dat abase conprises a plurality of signatures of reference

drugs conprising at | east one intend4onally i i

_ _ _ A C y introduced di st
capabl e of being imaged by said th:a%ljrmgraphy apparatus. 19.
Claim 18, wherein said distinguishing sign conprises one or
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product; a cooling source for c%ol ing the

pr oductﬁ@viae terpasiatist g lrovadnbesntThe two authentic and counterfer

images were compared.

Fig. 9a shows an image of authentic and counterfeit liquid Optalgin
containers, as obtained by a CCD (VIS) camera. The upper container in
the image is authentic, and the lower is counterfeit. Fig. 9b shows the
same containers respectively, as obtained by said apparatus, as a result of
the experiment as described. As can be seen, these two images of the
authentic and counterfeit containers are Very pacily visually

distinguishable.

While some embodiments of the invention have been described by way of
illustration, it will be apparent that the invention can be carried into
practice with many modifications, variations and adaptations, and with
the use of numerous equivalents or alternative solutions that are within

the scope of persons skilled in the art, without exceeding the scope of the

claims.



tenperature; and a display unit for displaying at | east said one or nore IR
I mges and a signature of a reference drug, or for display of a result of

conpari sofgbgioessds sai d one or nore IR inmages and sai Q,FE}I.W{I&SM

reference drug. 21. The system of dha e rein sa O VLWR is
between 3mto 22. The system of d ai m%%[;o}'p‘% wherein said wavel ength or

avel engt h spect r um i"6C®i¢& by the Intesmatinat Bursadionmfitance®oom 14it. 23. The
system of any one of Clains 20 to 22 wherein said thernography IR apparatus

i's configyredt [ e, one or re IR inmages at tines during or follow ng
sai d cool :ihg. Azﬁeaﬁ%gfogyd&?%rﬁwn%ﬁ%e 8H e&?”%%‘?*?%%@‘?%“%{“%ﬁ?ﬁﬂ“%i ng a

conpari son unetmpfikingonpari ng between said acquired one or nore | R inmages
of said product and a predeterm ned signature of a reference drug. 25. The

system of O 4ain 24, acphieifs 183 dy SRIBARKSON WNdHARPLIRERE RIQGEPST NG
unit adapted to receive the one or nore acquired I'R imMages fromthe
t her mogr aphy froRe dbp aidtwava il (MWEERS® wavdongevare HOFELWIRYepectrdd, - i nto a

vi sual inmage_Q i fied val.ue,conparable. with said signature of a
r ef er ence gr 88- off M%néhermograp ¢ IR 1mrzrapges op said product, tge prgduct being
cooled to a temperature below ambient temperature;
(b) comparing said acquired one or more images of said prodﬁct ora

quantified value deduced therefrom with a signature of a reference drug;

and

{e) displaying said comparison therehy enabling determination the

authenticity of said product.

2. The method of Claim 1, wherein said product is actively cooled before
imaging.
8. The method of Claim 1 or 2, comprising placing said product on a

cooling source or within a cooling chamber and cooling said product

while on or within said cooling source.

4. The method of Claim 3, comprising cooling of the product for a time

period sufficient to obtain cooling below ambient temperature.

8. The method of Claim 3 or 4, wherein said cooling of the product

comprises applying a cooling pulse onto said product.

6.  The method of Claim 5, wherein said cooling pulse is in a form selected
from a delta function, a step function, a rectangular function a saw

tooth function and a periodic function or combination thereof.

7.  The method of any one of Claims 3 to 6, wherein said cooling comprises
subjecting the product to a cooling source selected from the group
congisting of thermal electric cooler, black body, cooling chamber, gas

expansion source and refrigerator.

AMENDED SHEET (ARTICLE 18)



26. The system of any one of Clainms 20 to 25, wherein said display unit is
adapted to display one or nore visual émages or a quantified value of said
product and of said reference drug. 5% " The system of any one of Cdains 20
to 26, for displaying said one or nore IR inages of said reference drug.
28. The sy&t emTdf n@tladdnf24y one &5 lamselr teiTnwheaiedth wohpardrsome hit i s adapted
to process sai %9%% 228 adRed A6 ALE 8 i MAERg bd1d CMRAr i son with a
signature of a reference drug. 29. The systemof C aim 28, wherein said
conpari som.i s Tekweehvdsdiady ofeofaiaim®n e aoditrsiadaldRIMIRgesVIantk ane or nore
vi sual inages qr I f. al ue i mages of said reference drug obtained
under sane con F%&gﬁghglsmt%ﬁ%%{é utilized for said product. 30. The system of
any one of ;0 aime ROtHo® A9anyVags e rCisaid1r &f 8r @beRidrdg wSvabnantdientic
drug. 31. The systemof a ri sing a database

ny one of ai 20 to 30,,co0
of predet erni néd §F8%H tsﬁer"%}slw%fs SF%F%??H%?“&% ggem .S”ﬁlg”s}?ﬁist em of Cl aim 31,

wherein sajd datahase,CaTRY LIS @ailsWl @101 dbnfifissd }%@gs%ggaﬁf laf eence
drugs conprising at_| east ?ne i ntentionally. introduced

| . . ] 1.stingui shing sign
capabl e of bei figf"f Hhgeereny! L4t BrotHE MG Graphy "BiRsAr &t eaningad Vil syst em of
Cl aim 32, erehn sal d digtingui shing. si 9n.conprd one .« [ e coating or
edi bl e natitlagr']i al%gleir?]e%%%(%cﬁge?ner érvf?flgredlgu%%l glr%c%s':gr bﬁ%]% Seasgp%ﬁﬁgwég in said
product. 34. THemsisnathepRtigrhpressioppn Greaiivngeetodsgd piierieionbidn gaidat abase

is remote wthviespetlze bpgsaiticl Repbogr aphy Infra Red (I R) apparatus. 35.
The system of any one of Clainms 24 to 34, wherein said conparison unit is
renote wtH.r edppecmetimdsal dCleher nography whafaia Red (ChRpriappapmpises

correlating between the visual image or quantified value of the acquired one
or more IR images of the product with said predetermined signature of

a reference drug.

14. The method of Claim 13, wherein said predetermined signature of a
reference drug comprises a visual image or quantified value from a
database of visual images or quantified values of a plurality of reference

drugs.

15. The method of any one of Claims 1 to 14 comprising displaying said

comparison.



36. The system of any one of clains 20 to 35 configured to hold said
product between said cooling source an _said thernography IR apparatus. -
43 - 37. The system of any one of cl a| 20 to 36, wherein said cooling
source is selected fromthe group consisting of thermal electric cooler,

bl ack body, cooling chanber, gas expansion source and refrigerator. 38. The
system of any one of Clains 20 to , Wherein said cooling source is

adapt ed t olbappliyje aneidot i HgClsim st oﬁb?i‘e%‘aﬁ%idp‘?léﬂ%lflgff@impéls‘ﬁ fErlErEod
sufficient to ahtaw el visgalofmsaes df paodpetdube hivngatbivatt ohenpenakure. 39.

The system of gm%%'@of’? dY‘é}&eﬁhe”dﬁg' d cooling pulse is applied in a form
sel ected froma ael unctl on, a“step function, a rectangular function a

saw t oot h functinenmaimdd aofp@zrau@dw: of UBCtiHRILiIDIthE omaazg;ahg Qemweéseaﬂm 40. The
SySt emof clai r&ls%i]'ay o?ir%)e (!nseloggnme gn?a%%é Xf t%(? rpll:cXiuc ndac e ogea (J;[)ramore ‘images

of the reference drug.

18, The method of any one of Claims 14 to 17, wherein said database
comprises a plurality of signatures of reference drugs comprising at least
one intentionally introduced distinguishing sign capable of being

imaged by said thermography apparatus.

19. The method of Claim 18, wherein said distinguishing sign comprises one or
more coating or edible materials in said reference drug or air bubbles

entrapped in said product.



20.

21.

22,

23.

24,

25.

- 41 -

A system for determining the authenticity of a pharmaceutical product

comprising:

— a thermography Infra Red (IR) apparatus for acquiring, in a wavelength
or a wavelength spectrum selected from the mid wave IR (MWIR) to very
lIong wave IR (VLWIR) spectrum one or more thermographic IR images of

said product:

— a cooling source for cooling the product to a temperature below ambient

temperature; and

~ a display unit for displaying at least said one or more IR images and a
signature of a reference drug, or for display of a result of comparison

between said one or more IR images and said signature of reference drug.

The system of Claim 20, wherein said MWIR to VLWIR is between 3um to
20pm.

The system of Claim 20 or 21, wherein said wavelength or wavelength

spectrum is selected from 3um-5.4pm and 8pum-14p.

The system of any one of Claims 20 to 22 wherein said thermography IR
apparatus is configured to acquire one or more IR images at times during or

following said cooling.

The system of any cone of Claims 20 to 23, comprising a comparison unit for
comparing between said acquired one or more IR images of said product and

a predetermined signature of a reference drug.

The system of Claim 24, wherein said comparison unit comprises a
processing unit adapted to receive the one or more acquired IR images

from the thermography IR apparatus and process said one or more image



26,

27.

28.

29,

30.

31.

32.

33.

34.

36,
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inte a visual image or a quantified value comparable with said signature of a

reference drug.

The system of any one of Claims 20 to 25, wherein said display unit is
adapted to display one or more visual images or a quantified value of said

product and of said reference drug.

The system of any one of Claims 20 to 26, for displaying said one or more IR

images of said reference drug.

The system of Claim 24 or 25, wherein said comparison unit is adapted to
process said one or more acquired IR images In comparison with a signature of

a reference drug.

The system of Claim 28, wherein said comparison is between said one or
more acquired IR images and one or more visual images or quantified value
images of said reference drug obtained under same conditions as those

utilized for said product.

The system of any one of Claims 20 to 29, wherein said reference drug is

an authentic drug.

The system of any one of Claims 20 to 30, comprising a database of

predetermined signatures of reference drugs.

The system of Claim 31, wherein said database comprises a plurality of
signatures of reference drugs comprising at least one intentionally introduced

distinguishing sign capable of being imaged by said thermography apparatus.

The system of Claim 32, wherein said distinguishing sign comprises one or
more coating or edible materials in said reference drug or air  bubbles

entrapped in said product.

The system of any one of Claim 31 to 33 wherein said database is remote

with respect to said thermography Infra Red (IR) apparatus.

The system of any one of Claims 24 to 34, wherein said comparison unit is

remote with respect to said thermography Infra Red (IR) apparatus.

The system of any one of claims 20 to 35 configured to hold said product

between said cooling source and said thermography IR apparatus.



37.

38.

39.

40.
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The aystem of any one of claims 20 to 36, wherein said cooling source is
selected from the group comsisting of thermal electric cooler, black body,

cooling chamber, gas expansion source and refrigerator.

The system of any one of Claims 20 to 37, wherein said cooling source is
adapted to apply a cooling pulse onto said product for a time period sufficient

to allow cooling of said product below ambient temperature.

The system of Claim 38, wherein said cooling pulse is applied in a form
selected from a delta function, a step function, a rectangular function a saw

tooth function and a periodic function or combination thereof.

The system of claim 31 comprising a memory carrving said database.



