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Thus, lifetine gepe y include one or more integra cu
located wnthln the body of the card to receive and store information. The ICs
20 can be read-only or have read/write capability. Reusable smart cards with
read/write capability aliow users to add time or value to payment-type smart
cards, thus avoiding the inconvenience of having to carry currency, or, in the
case of mass transit, exact change, for each usage. The smart card will also
contain interface means, which will depend on whether the smart card is a
25 contact-type or contactless smart card. Contactless cards will contain an
antenna structure for communication with an RF source, and typically include
circuitry adapted for deriving operating power from the RF signal.
Regardless of the application of the smart card, the intention is that
the user will carry the card with them wherever he or she goes. Further, the
30 smart cards that are used for payment may be expected to contain value for
uses for a long period of time. Smart cards containing data, particularly
medical information, are expected to be capable of proper function for years.
Since these cards are typically carried in a pocket or wallet, they can be
subjected to many different stresses, such as bending and flexing, which
35 could potentially render the card non-functional. Thus, lifetime and durability

are important considerations in designing and manufacturing a smart card.



are inportant considerations in designing and manufacturing a smart card.
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20 cards can withstand the bending and flexing that occurs with everyday use.
Thus, for maximum card quality at a lower per-unit cost, and to ensure a
reasonable lifetime for the cards, the manufacturer is in need of an
automated testing procedure that provides a competitive advantage of

accurate and thorough testing of smart cards at production speeds within

25 one integrated testing apparatus.

SUMMARY OF THE INVENTION

It is an advantage of the present invention to provide improved
30 production methods for detecting and accelerating smart card defects
including print, lamination, positional correctness of integrated circuit chips,
antenna, signature panels and magnetic stripes, as well as the functionality

of the integrated circuits.



-3 Anot her advantage of the present invention to provide automated
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20 In the exemplary embodiment of the present invention, the contactless
smart card ("CSC") high production encoding machine ("HPEM") of the
exemplary embodiment is an automated smart card tester and encoder. In
the exemplary embodiment, the contactless smart cards are bulk loaded into
an automatic feeding magazine and fed into the encoding "backbone" of the

25 HPEM. The backbone of the HPEM is a testing path or line consisting of a
series of testing positions for conducting read/write, optical, and structural
tests of a continuous line of smart cards. Each card is immediately preceded
by a first card and is immediately followed by a third card. Thus, multiple
cards are tested simultaneously along the testing path.

30 In the exemplary embodiment of the present invention, a card is fed
into a first testing position from a feeding magazine. The first test position
writes a first test data pattern to the smart card. The card is flexed in one
direction as it moves around a roller by means of a transport belt. The smart
card proceeds into a second test position wherein the test data is read from

35 the card to verify the physical integrity and the functionality of the IC circuits
in the smart card. The HPEM then flexes the card a second time in another



35 the card to verify the physical integrity and the functionality of the
ICcircuits in the smart card. The HPEM then fl exes the card a second tine
i n anot her WD 01/ 27587 PCT/USOQ/ 07432 -4 direction and feeds the card into
a thirdwe@er27s8kiti on. A second test data string is wi tREAU$08/07432 card
and/or the card is encoded with a desired application. In the exenplary
enbodi nent, the card is then opticahly inspected for top surface and
bottom surface defects in a fourth and fifth 5 test position respectively.
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20 card. In the exemplary embodiment, rejected cards may be marked with a
reason for rejection. The printer of the exemplary embodiment also has the
capability to personalize the smart cards, i.e. with a picture ID correlated to
information on smart card. Finally, the cards that have passed all of the
tests of the test line are stacked in magazines, bins, or blister packs.
25 Rejected cards are sorted into a separate magazine.

Flexing of the cards during the automated test of the exemplary
embodiment includes a concave flexion and a convex flexion. The HPEM
provides card flexion by forcing the cards around rotating wheels in a belt
transport. The flexion test of each card simulates everyday card use. For

30 example, a card that is carried in a wallet undergoes flexing and bending as
the user sits and stands. The flexion test ensures that each smart card
continues to receive and send information after physical manipulations of
each card.

The reading and writing tests of the HPEM are contactiess RF

35 communications with each card, i.e., reading and writing to the integrated

chip circuit. In the exemplary embodiment, the read and write tests are



continues to receive and send information after physical manipul ati ons of
each card. The reading and witing tests of the HPEM are contactless RF 35
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cards through the test path. The smart cards move through various testing

20 positions allowing simultaneous read/write, flexing and optical inspection of

a continuous line of cards. The transport means includes combinations of

the input belt and flexion drive, gravity, friction, and force from adjacent

cards. The HPEM of the exemplary embodiment relies upon friction for high

accuracy alignment that is achieved between the cards and the RF and

25 optical testing mechanisms. Accurate alignment is required for RF and

optical testing. The cards are aligned and self-positioned with respect to the

testing positions since each card touches adjacent cards in the line. The last

two cards in the testing position line are stopped by a set of pins. When the

pins are released the cards moves forward by one testing position. This

30 process allows the motors driving the belts to run continually and not be

turned on and off as in prior art systems. Therefore, the speed of the
apparatus is increased.

In the exemplary embodiment, all the memory locations of the smart

card are changed to "zeros" during the first test data write, and to all "ones"

35 during the second test data write. These test data strings change each of

the memory locations from one state to another during the test for the
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must be reduced as much as possible.
In the exemplary embodiment of the present invention, the HPEM
20 tracks a defective card by its location in the transport and rejects the card
at the end of the assembly by diverting it into a "bad card" bin. A card is
easily tracked because the cards enter the test line serially. The exemplary
embodiment also utilizes sensors at key positions along the test line to track
each smart card and to ensure accurate positioning before a test
25 commences.

An alternate embodiment of the present invention utilizes card serial
numbers as an additional means to track and identify each smart card in the
test line. The HPEM includes components, such as a bar code readers and/or
optical character recognition ("OCR") readers, for reading printed serial

30 numbers on the cards. The printed serial numbers may be correlated to a
permanent electronic serial number of the cards or chip set internal to the
cards. The cards can be tracked as they proceed through the test sequence
of the HPEM and can be sorted in various ways since the controller can keep
track of the cards by the serial number. Tracking serial numbers also allows

35 cards of various types and configurations to be tested within one test batch.
Once a card enters the test line, specific optical tests, read/write tests, and



An al ternate enbodi nent of the present invention utilizes card serial
nunbers as an additional neans to track and identify each smart card in the
test line. The HPEM i ncl udes conponents, such as a bar code readers and/or
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permanent el ectronic serial nunber_of the cards or chip set internal to the
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mechani sm 8 naintains the card 2 in the first test position 6 25 while a

first wite tepeTia PBIHOSARIPTION OFSTHEUREEGIHAED EMEOHIME ANt enna 10

transmts a bit pattern to the smart card 2 for storage. AS Lhe escrow

Figure 1 illustrates the test path or line 1 of a preferred embodiment
20 of the High Production Encoding Machine ("HPEM") for testing and/or
encoding contactless smart cards. Smart cards are serially fed into entry
rollers 4 from a high-speed card feeder 110 as shown in Figure 2. Referring
back to Figure 1, a card 2 is fed through the entry rollers 4 to a first position
6. An escrow mechanism 8 maintains the card 2 in the first test position 6
25 while a first write test is performed. A first functional read/write antenna 10
transmits a bit pattern to the smart card 2 for storage. As the escrow
mechanism 8 releases the card 2, a first belt drive 44 moves the smart card
2 around a first flexion roller 12 between the belt 44 and the first flexion
roller 12, and a next card is loaded from the feeder 110 into the first
30 position. The first fiexion roller 12 flexes the card 2 in a concave manner
with respect to a top surface of the card 2. The card 2 continues toward a
second test position 16 by moving between a first transport roller 52 and a
second transport roller 54 so that transport control of the card 2 switches

from the first belt transport 44 to the second belt transport 46.



mechani sm 8 rel eases the card 2, a first belt drive 44 noves the smart card
2 around a first flexion roller 12 between the belt 44 and the first
flexion roller 12, and a next card is |oaded fromthe feeder 110 into the
first 30WOH27$83n. The first flexion roller 12 flexes t hePERUSINTHR g
concave manner Wwth respect to a top surface of the card 2. The card 2
continues toward a second test posigion 16 by noving between a first
transport roller 52 and a second transport roller 54 so that transport
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20 card 2 into a ramp 48 or slide which is sloped downwardly from a point
adjacent the exit rollers 50 at an angle o with respect to a horizontal h.
Upon entering the ramp 48, the card 2 moves into a third position 20
adjacent a first range antenna 22 set to long range that writes a second test
data pattern to the smart card 2. In the preferred embodiment, the second

25 test data pattern is the reverse pattern of the first write to ensure that all
memory locations are changed from "0" to "1" or visa versa. Thus, a read
and write test is performed at least twice on each smart card 2. The
read/write tests exercise all pages of data memory of each smart card by
encoding different messages with each write. Movement of the card 2 into

30 the fourth, fifth, and sixth testing positions 24, 28, 38 is achieved through
the force of a second following card in the third testing position 20.

The smart cards are moved through the test line 1, one after another
in a serial movement. Referring to Figure 1, once a first card 2 has moved
out of the first test position 6, a second card is immediately fed into the first

35 test position 6. Likewise, once the first card 2 moves past the second test

position 16, the escrow mechanism 8, under control of the control processor



menory | ocations are changed from"0" to "1 " or visa versa. Thus, a read
and wite test is perforned at |east twice on each smart card 2. The

read/ wite tests exercise all pages of data nenory of each smart card by
encodi ngvaAPT2BBENt nessages with each wite. Myvenent of REFREUMENOH32 into 30
the fourth, fifth, and sixth testing positions 24, 28, 38 is achieved
through the force of a second following card in the third testing position
20. The snmart cards are noved through the test line 1, one after another

in a serial novenent. Referring to Figure 1, once a first card 2 has noved
out of the first test position 6, a9second card is i mediately fed into the
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light is catlgoteadtibe p@nbugh/va@ﬁ%rbuuwan lst@d $§§"hg’-% FR{IRed, 26 to ensure
accurate inag acg t er of gh' speed

re. at
i mage- capturin 'SECQ'JQEEWS\KECG'VﬁéW@a? zij"@(t:beé‘rﬁﬂt ANGs anigRRe 2, and may
be used ftbe ¢didds ppticebye tested ihapfaut positibea24ir ¢an@56 illuminate the

top surface of the card 2. The light is reflected to a high sensitivity line-scan
20 camera 26 to ensure accurate image capture at high speeds. A number of
high speed image-capturing cameras are known, including CCD and CMOS
cameras, and may be used for this purpose. The top surface features and
graphics of the smart card 2 are shown on a monitor 104 as shown in Figure
2. The card graphics are automatically compared with a desired card
25 graphics templates to identify defects. The processor 232 stores a template
of a perfect card in memory and compares each inspected card to this
template. Print inspection algorithms analyze the card for the highest level
of inspection accuracy while allowing for typical process variations. In
another embodiment, the card graphics are compared against the desired
30 card graphics by an operator or by a combination of automatic comparison
and verification by an operator. Cards that do not have acceptable surface
graphics are tracked by the processor 232 as shown in Figure 3, and are
marked as defective by a printer 226. Typical surface features that are
verified include print defects, lamination flaws, positional accuracy of
35 magnetic strips, signature panels and holograms.



graphics of the smart card 2 are shown on a nonitor 104 as shown in Figure
2. The card graphics are automatically conpared wth a desired card 25
graphics tenplates to identify defects. The processor 232 stores a tenplate
of a perweat/2esrd in nenory and conpares each inspected cRCTUS®/G7HI2S
tenplate. Print inspection algorithns analyze the card for the highest

| evel of inspection accuracy whileqgllowing for typical process
variations. In another enbodi nent, the card graphi cCs are conpar ed agai nst
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20 surface. In one embodiment, the processor will detect up-side down cards
at the optical test positions. If the image of the card surface does not match
the expected top surface image, then the processor will compare the image
to the expected bottom surface image. A mismatch of both expected images
indicates a defective card. Obviously, RF read/write tests are not affected

25 by an up-side-down card since these tests do not rely on direct contact with
the card.

For an embodiment of the invention wherein each card must receive
a printed mark on a specific surface of the card, the up-side-down cards
must be directed to capture. The smart cards are optically checked to

30 establish a correct orientation to that the printing is applied to the correct
side and edge of the card. For example, a reflective sensor scan may be
performed on an area of the card that has a predetermined mark printed in
a clear area such as on the rear of the card next to a signature strip. Cards
that do not match the expected scan are directed to a capture area for card

35 re-testing. If a number of cards in succession are incorrectly oriented, then



at the optical test positions. If the imge of the card surface does not

match the expected top surface inage, then the processor will conpare the

image to the expected bottom surface image. A m smatch of both expected
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sixth test position 38 adjacent a second range antenna 36 which is set at
20 close range. The second range antenna 36 receives the second test data

pattern from the smart card 2. The processor 232 compares the data

received from the smart card 2 with the test data that was transmitted to

the card 2 by the first range antenna 22 that is set at long range. A

detected error is stored by the processor 232, and the defective card is
25 tracked for appropriate marking and sorting.

In the preferred embodiment of the invention, the smart card is
encoded with a desired application in accordance with the intended use of
the card. Referring to Figure 1, encoding is performed during the final write
position 20 or the final read test position 38. In an alternate embodiment,

30 an additional test position (not shown) is included for encoding each smart
card. The preferred embodiment also includes multi-protocol contactiess
smart card readers to test and encode various types of contactless smart
cards on the same device.

The range antennas 22, 36 are adjustable in their positions relative to

35 the distance to the smart card 2 under test. The positioning of the antennas
must provide read and write capability as well as RF range testing of the



sixth test position 38 adjacent a second range antenna 36 which is set at
20 cl ose range. The second range antenna 36 receives the second test data
pattern fromthe smart card 2. The processor 232 conpares the data

recei vedvboomsshe smart card 2 with the test data that wasctusmsampted to
the card 2 by the first range antenna 22 that is set at long range. A
detected error is stored by the prqcessor 232, and the defective card is
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t he preserehson\iemrejentloa sraaréxabfplearthe tdaad 2passese hherkbasdss " aitehha teSt

I g rete area of th
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The pri nt@farn@edhetrmcmcbf:@rﬂrséa weithy o Inethier the teider isltromityrddteotinghe
processorgetdéts %ﬁ}d \T/W‘alékhérh§ %ElguWrtbe@cﬁF?@%cfchrmd %%SQH ur%é:r?tﬁﬁg' on. For

exanpl e, the card “ant enna 15 te that the

i nt er nal REICEAIRIY BBgﬁgsCEHQFe%{q?\/Q‘atAﬂ” cﬁﬁ’é‘r’%"t”é)‘?mcb?nrequ"ed in the card

manufacturing process. As shown in the block diagram of Figure 3, the
20 processor 232 automatically captures valuable defect data from the
inspection processes for further analysis that can enhance overall operational
productivity. The results of the batch testing can be printed on a receipt

printer 230.
Aniliustration of the High Production Encoding Machine ("HPEM") 100
25 is shown in Figure 2. Operation and set-up of the machine 100 is controlled

through a monitor 104, keyboard 112, and mouse 108 that are connected
to a processor 126 that is enclosed in the HPEM 100. The processor 126
of the preferred embodiment is a personal computer ("PC") utilizing a
Pentium 400MHz processor with 64 MB Random Access Memory ("RAM"),
30 however, any type of controller may be utilized for HPEM control. The
preferred embodiment also includes a 32x compact disk ("CD") drive 128
for storing program information including desired card images as well as a
1.44 Floppy Drive and a 6.4 GB Integrated Drive Electronics ("IDE") drive.
Obviously, other similar components may be utilized for providing data
35 storage for the HPEM. The monitor 104 of the preferred embodiment of the

present invention also provides a user-friendly touch screen capability that



exam ne the rejected cards to verify whether the tester is correctly
detecting defects and whether a particular defect is occurring on an
unaccept abl e percentage of the cards such that an adjustnent is required
in the ompdi27senuf acturi ng process. As shown in the bl ockecliragpanasef Fi gure
3, the 20 processor 232 automatically captures val uabl e defect data from
the 1inspection processes for furthes_analysis that can enhance overall
operational productivity. The results of the batch testing can be printed
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capability of a. serial nunber or bar code serial er from each
10 card uEf'ﬂEfra‘ﬁgaﬁiﬁQf Nate Waé@?c's'l‘}cﬁefa?é:taa%rml%ﬁfb tPe%d@feCorg%ltﬁ

infrared witHduzallowhey aed &fspl’eeﬂegl’ljfhheﬂn'ﬁ @68}()3 reader. The serl al nunber

gle?grer’\atng?/y, beﬁhgﬁu%tggn ! % rrwnr%betrgor Qre1 anaFogous Gard3 3enrm élatlon systems
such as multiple protocol smart card communication devices allow different

20 card types to be tested simultaneously by the HPEM. In a serial number
identification system, the serial number of each card alerts the processor to

perform the required optical and read/write tests in accordance with the card

type. The cards are automatically sorted into separate magazines according

to card type. Several protocols are currently in use for smart card

25 communication including the Type A and Type B smart card communication
protocols as described in ISO/IEC 14443, "Identification cards - Contactless

integrated circuit(s) cards - Proximity cards"” available to the public. A third

type of smart card communication protocol is in accordance with the
description included in International Application Number PCT/US92/08892,

30 titled "Non-contact Automatic Fare Collection System", filed October 19,
1992, and published May 13, 1993 as WO 93/09516. The PCT publication

is incorporated by reference herein. In an embodiment of the present

invention, the HPEM uses an existing test position or includes an additional

test position to poll a communication channel by transmitting a plurality of

35 initiation messages using a plurality of smart card communication protocols.

The smart card communication device monitors the communication channel



be | ocated between the card feeder 1 10 and the test |ine assenbly 1. The
use of serial nunbers allows the processor to track each card and the
errors 15 detected on defective cards. Defective cards are automatically
mar ked bwoopreisster 42 according to the specific defect anpCcTAUB0I4320 a
reject gate wthout slow ng the inspection of incomng cards. The use of
serial numbers or an anal ogous cardjjdentification systems such as

mul ti pl e protocol smart card conmuni cation devices allow different 20 card

types to be tes& EI nul, t neouslg?/ é the HPEM In avserl al. nunber
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comuni cat | mani t or ni cati on channel
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val i d smai20ctvad mapatambe asedriopankageltht aards pr Bﬂﬁfeerpmclagd Avaypicaer i od.
enqighe o] ecel t he smart rd
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present afaPa¢ikhsirepre gatpdmest pﬁéh%mﬁnt@@rf@fﬂssm ateinglaldadddymet card

protocol . sfref&lrgﬁ ids c@hﬁnhb@@ irt %?E@%rseﬁqweq 1@nd1?@r tv@ﬁel%g'?oét%blwm to the

appl i cabl e car toco conmruni cati on devi ce decodi ng or Encodi ng

smart car agtqrﬂafﬂ ?h%%gea‘r‘nﬁp a pext KRR eeatimnliarcane skagkestsesmssi s
di scl osedfdlh LR@ecb%ldpd:ar@atar@nsMed i BiiYazifle, 10D. BeBneasksedf aultiple

' nco§80rat ed yepreesI “m?@’azﬁﬁéser1e|’%°e1 18, 120 are used to sort card-types. The
magazines 116, 118, 120 that are loaded by the card sorter 102 are usable
as input magazines for Automatic Ticket Vending Machines ("TVM").
Similarly, the TVM magazines are usable in the HPEM.

In a preferred embodiment, the cards are carried through the card

25 sorter 102 between two flat belts. Diverter modules are located at four

positions between the belts. The first three diverters are active, powered by

rotary actuators, and divert cards into one of the first three magazines 116,

118, 120. The fourth diverter is passive and directs all card that reach this

position into the fourth stacker 120. Optical sensors are positioned between

30 each stack position for the purpose of monitoring card advancement through

each diverter stage. A card that does not arrive at the predicted location

causes a signal to be sent to the controller 228 in communication with the

processor 232 as shown in Figure 3, to report an error and to stop the
encoding process for analysis of the error.

35 The apparatus shown in Figure 2 is an illustration of a typical

arrangement of the components of the HPEM of a preferred embodiment that



10 The smart card exists the test line 1 through printer exit rollers 60 as
shown in Figures 1 and 2. Referring to Figure 2, the smart card nobves into
a card sorter 102 that is controlled by the processor. In the preferred
enbodi megfo PAgsdsNg cards are stacked in nagazines, or stagke hﬁo&&ﬁ32118

120 that may al so be used to package the cards in blister packs A typica
15 nmagazi ne has a 500-card capaC|ty ile a blister pack has a 30-card
capacity. In one enbodi nent of the i Rvention for testing a single
card-type, stackin g is continuous in stackers 116, 118, 120 wherein

stacki ng indesigaedcar npriabilifyeand gase pémseenphy HREJAtsitnonhehealndl 24 acker
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HPEM may be arrange
manuf act ur"IPrfdJV'ﬂJélé'erlgttiﬂe MpRiéQs 3e6 and keybherd 8aBodi anmitiateahetHRENMpthent i on,

the opticaberdt8a@nteist Rin a8th i1 &%HiAB B&ShSnumber, encoding date, and run
20 quantity by responding to menu prompts.
The monitor displays audit data and status data to the operator.
Typical audit data includes the run number, the number of tickets that have
entered the ticket transport, the number of tickets that have entered the
reject bin, the number of tickets that have successfully processed, and the
25 operator ID number. Status data that is displayed includes malfunctions, the
current capacity remaining in the stackers, and the full/empty status of the
input hopper.
A CD drive 204 is connected to the processor 232 to provide an
additional memory source for HPEM test and set-up data. In an alternate
30 embodiment, the CD drive 204 is used to store test data results of testing
runs. A receipt printer 230 is attached to the processor 230 for printing test
results or any other printable information of the processor 232 and smart
card testing software. An optical reader interface 246 is connected to the
processor 232 for automatically comparing images from the optical readers
35 to a template image stored in a processor memory source, such as the CD
drive or the processor hard drive.



may be arranged in an alternate order. Figure 3 illustrates a block diagram
of the conponents of a preferred enbodinent of the present invention. A
processor 232 having internal hard 10 drive nenory controls the operation

of the HyghyBrgduction Encoding Machine. A monitor 206, kpybrapdhass: and
nouse 210 are attachable to the processor 232 for providi ng operator

interfaces for set-up and manageme?é of the testing of the contactless
smart cards. The nonitor 206 nmay also be a touch screen nonitor for use

W th user- frlendly software to 15 provide the operator with touch control
of the testingPEoPEIRESSOR isddil$q orpnnadied nimi 2 onet¥@rkpniwi desetwerloper at or
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for manufacturin
240 is used to write initialization or other end-user data to the contactless

smart card.

20 Continuing with Figure 3, the processor 232 is connected to a
transport controlier 228 for controlling the test line 1 of the HPEM as shown
in Figure 1. The transport controller is connected to a card printer 226 for
marking the tested smart cards as passed or rejected, and for marking
serialization data and/or other initialization data. The preferred embodiment

25 utilizes an ink jet printer to mark the smart cards. An expansion card 224
can be added to transport controller 228 for providing additional transport
controller functions. For example, the expansion card may be required where
the transport controller 228 is used to monitor more than one test line. The
transport controller is also connected to a sensor interface 222 which

30 receives signals from sensors 212, 214, 216, 218, 220 located along the
test line 1. The sensors ensure highly accurate tracking of smart cards as
the cards move through the test line. Referring to Figures 1 and 3, in the
preferred embodiment, the first sensor 212 is located adjacent the first test
position 6. The second sensor 214 alerts the transport controller that the

35 smart card 2 is in the second test position 16. The third sensor 216
indicates that the smart card 2 is approaching test position 3. The fourth



cards may downl oad information about a particular production run to the 5
HPEM The network connection 202 al so provides a neans for connection to
out si de phone lines and the Internet for renote site control and/or
downl oadwog@iefssynf ormati on to the HPEM The processor 232pcRUS®H/0E4d
receives serial data to the antennas by neans of a serial interface board
234. The serial interface board 234 is 10 connected to the antennas
t hrough standard RS232 serial bus 11hes. The processor receives data froma
functional read/wite antenna 238 and a short range antenna 242, which
correspondense diBeisnacatechndjagrtitiitha tBd tesegpattidrvalQy, Fodallyhea pitef er r ed
enbodi nmen o i wites data,}o
functi Onal%eﬁ%%’r‘é?\:/\r}c{?g{:é;ﬂeg‘éb g%%é’,’b%gegﬁjg;ﬁ%ﬁég F ﬁ%ég%bb}rﬂseﬁ%%‘@lloﬁms hown in
Fi gure 1 B¥mperiof Senpoiscnayhslinereagedior decraased dar alternaielesnblogimgentmge
antenna 23f the iavenities. FEPediammsie, alidiimal anbbafiont he thEREY ivagh udes hi gh
speed_encaodi nﬁ casoat[tgl I |}t1% wher e tha encodi ng antenna 240 is used to wite
CHTo e 3

initiaizN% nge edn gdediang! sRS¥ont act | ess smart card. 20
Conti nui ng W t BtRiigusle, Jthehermpbodiesads 288 o dificatenisedft thé presanspor t
controlle - for. Wy t ol of, .t he HPEM as shown, i
Figure 1 Fn\%ﬁgloﬁqr %ﬁlﬁ%@%%%ﬁ]r OWZPI}% O(]:codr_{ﬁgjc%éas'ﬁ) '%tﬁé‘%lralc\f/l[ ﬂ)'? ivﬁ?‘@fr°f226
mar ki ng t Heeseedeachingwr t Tharedgreastipagseentien riejtocbedimited boty bwr theng

serial i zakbIRIwit aciands or wihidier iddhidié alalizadjpn Gﬁ%effl r

enboﬁ'@rrent 2 .ﬁ?i.l izes an ink jet pri ntaelr aSt'tdc(z:(Pimatr the&?ﬁ%@ﬁ@%d?’%%
expansi on"b‘ﬁi‘ﬁcﬁtﬁns ¥ ”b\é'eﬁtF(ﬂJe'H FHUHREHIPYYIEh Eemebeye speoibigatiop ancovi di ng
addi t i onabctompapging deovinge) | er functions. For exanple, the expansion card
may be required where the transport controller 228 is used to nonitor nore
than one test line. The transport controller is also connected to a sensor
interface 222 which 30 receives signals fromsensors 212, 214, 216, 218,
220 |l ocated along the test line 1 . The sensors ensure highly accurate
tracking of smart cards as the cards nove through the test line. Referring
to Figures 1 and 3, in the preferred enbodinent, the first sensor 212 is

| ocated adjacent the first test position 6. The second sensor 214 alerts
the transport controller that the 35 smart card 2 is in the second test
position 16. The third sensor 216 indicates that the smart card 2 is
approaching test position 3. The fourth WO 01/ 27587 PCT/USQO/ 07432 -17

n
for



sensor 218 is |located adjacent the third test position 20. Finally, a fifth
sensor 5 indicates that a smart card is entering the printing position 40.
The nunber of sensors nmay be increased or decreased for alternate

enbodi newm0912187t he i nvention. For exanpl e, additional teBtT/ps@ioz432ns in
the test path 1 5 may necessitate the use of an additional sensor.

Qobvi ously, other enbodinments and nodifications of the present invention
will occur readily to those of ordinary skill in the art in view of these
teachings. Therefore, this inventi 08! |§ ?tso be limted only by the

foll owi ng clains, which include all t her enbodi ments and 10

nodi fi cati ons when viewed in conjunction with the above specification and

acconpanyhng dhﬁ%;@&%t&%ﬂf@#’t%@ﬁ& $@%Wo@7sﬁgrtt%élr§sgt§% a'\%ipsa}atd%n

apparatus for testing a plurality o cards, e app
conpri si ngPMPrg N ocessor for controlling a test of the plurality of snmart

cardss a seriah pgresésddrier Bavtradiry Phesedbi the Ffuralwoﬂﬁ)%iatrﬂ' 8f%s; the seri al
test line control.l ftd Ei ;[‘Rnl}le proceisoi{t tFe‘#) ural.iltégl %f tesL GFosjti ons
conpri sing: at 2I5€H8t SShE "GNV BAFPRAY BF TSRt RISHPS e @ ttstgie ern to
each snacontalet by theerpkassdri tlye pluraliey df testdssisitiOnatohgaiingne read
antenna for reading | I . mart card; at |east
one optical surf acea{r E% {%éégg@%%\@%%fg%%gg}a@%ﬁe% é)rﬁ#%{{'gtoi%g'e W th
an i mage of eagmasheand ekt plunditytofl srastt eardsf | exi on means for flexing

eachygmart card, thgt|ch3t bhextad afBaH: Rro¥hdha%na fﬁ%ﬁb@ﬂi;ﬁg{ermcﬂw“y

test of each smart card, a card input neans for feeding t plurality of
smart cards i n8Ch AEVAEERIAI test line; and a sorting neans for sorting the

plurality of smart ealedst oneessicnl tiefaceoicbin® AB&RbIySIorfdmpPhliadlae by the
processor. 20 e'mTlhﬁ arglgar atHﬁ as. in CIEiGm 1, V\,h§r ein the plurality of
smart cards ar& RSN AOFPEIUTE AR M3gG QLA Spl gﬁb‘gr% s as in daiml,
wherein the at | easst desstrese flexienmaeans for flexing each smart card, the
15 flexion means providing a mechanical integrity test of each smart card;
a card input means for feeding the plurality of smart cards into the
serial test line; and
a sorting means for sorting the plurality of smart cards, wherein the
sorting means is controllable by the processor.
20
2. The apparatus as in Claim 1, wherein the plurality of smart cards are
contactless smart cards.

3. The apparatus as in Claim 1, wherein the at least one read antenna
25 and the at least one write antenna comprise:
at least one functional read/write antenna;
at least one long range antenna; and
at least one short range antenna.

30 4. The apparatus as in Claim 3, further comprising a reading range test
to ensure field functionality.

5. The apparatus as in Claim 3, wherein the at least one short range
antenna and the at least one short range antenna are adjustable over a range
35 of distances from the smart card.



25 and the at |east one wite antenna conprise: at |east one functional
read/ wite antenna; at |east one |ong range antenna; and at | east one
short range antenna. 30 4. The apparatus as in Claim3, further conprising
a readi test to ensure field functionality. 5. %@{ us as in
Claim 3% fé}ir]%?]n the at | east one short range antenna an /ﬁe at i]:'{zeast one
short range antenna are adjustable qgver a range 35 of distances fromthe
smart card. WD 01/ 27587 PCT/US00/ 07432 -19 6. The apparatus as in O aim b5,
wherein the range of distances for the at |east one short range antenna is
5-20 mi | I16net eflke appdratherasi im €laémr angéherein thestangeest Hmtantes &tr theast one

| ong rangg RRLEHRE shérﬁ%nlggoar{fbhha n@seﬁé mifi rZeteTQeaﬁrﬂ)W %t@éra LMaiml,

wherein the at | east one Optical surface readli ng assenb 6/ atop
surface t¥hPPR G NR Eith'eéﬁt PREgeNGfange ﬁabe%rtﬁ fsae@- 7 é‘é‘é‘ﬁ“%’@éﬂ card.
8. The appar at us as in daiml, V\/ner e| n the at | east one optical surface

10 rea di conprises t ensi for creating,a shadow

i mage of nt ersﬁ %885%?‘8535 (Zlg ?red'&rtég %?%€%Bﬁ?%?l g?ﬁcel n Caim

1, furt hereadmg)ass@mglyaccpnpatam@ ta;ssenﬁmlcy tehgrlatainkageg wasic Ansmage efard Wit h

reject inf Qﬁg@h;@@eo% ggghhigngvélbgrldl zation and 15 personalization data. 10.
t

The appara as in erein the at | east one flexion neans
conprises a roller and transport belt assenbly, and wherein the transport

belt bengs a tRE dppapiind 2 IHCEIEﬂrﬁnl qutehﬁn iRE l8least®rk dpticdNQirApRAr at us
as Iﬂ?d aim 10, V\/nerﬁ n the at &zt aone fl exjon neans bends each snart

card reagiich ¢Sy eFOW‘irf‘?etseg gh IPEEnsiRy [aspe JoF faeatinga e5aR0Wnar t
card. 25 ibZageTbkirappeal dbaturas of raChadmark dardf urt her conprising a second
flexion nmeans for bending each smart card in a convex manner w th respect
to the first surface of each smart card. 13. The apparatus as in Claim1l ,
further c9npriShegpmesatssfas in Srivoinmiwitoer comppisoimpe grirdetgeassarabiyon f or

readi ng/ Wdrt indgkihg ddah Phartlakd Wit reject information or with initialization and

15 personalization data.

10. The apparatus as in Claim 1, wherein the at least one flexion means
comprises aroller and transport belt assembly, and wherein the transport belt
bends a card around a portion of the rolier.

20
11. The apparatus as in Claim 10, wherein the at least one flexion means
bends each smart card in a concave manner with respect to a first surface
of each smart card.

25 12. The apparatus as in Claim 11, further comprising a second flexion
means for bending each smart card in a convex manner with respect to the
first surface of each smart card.

13. The apparatus as in Claim 1, further comprising means for

30 communication protocol determination for reading/writing to the plurality of
smart cards according to a communication protocol utilized by a smart card
of the plurality of smart cards.

14. The apparatus as in Claim 1, wherein the at ieast one write antenna
35 is further utilized to encode each smart card of the plurality of smart cards

with a desired application according to an intended use of each smart card.



smart cards according to a comuni cation protocol utilized by a smart card
of the plurality of smart cards. 14. The apparatus as in Caim1l , wherein
the at |least one wite antenna 35 is further utilized to encode each snmart
card of wbheiptasral ity of smart cards wth a desired appl PCrRUS@VI7882c0r di ng
to an intended use of each smart card. WO 01/27587 PCT/USOQ' 07432 -20 15.
A method for testing a plurality of,gmart cards; the method conprising the
steps of: feeding a plurality of smart cards into a test line, each card of

the plurality fed to th ting t h smart
card bs- 1 0 rov s a0 50ysabr a8 et sk FE bararT Sarsk hamiiad BoRET i on

test by fltbxlsmgasaath smart card in a first direction; readl ng from each

siar  card 2 ILofRtes iR of A SSEaRIRLd Loy ST LA A 2opaRoNd

flexion test b each smart card
conpari ng n&lmaht»siﬁd aewallyf wde dhedest liseich snart card with a first tenplate;

i I umgnati ng e%mlﬁﬁrﬁbtea‘éﬂréin&ﬁ cdr8aHsEit ?‘né\tf@dePWo'm&qusf B6sitidher nal
features of the smart car arl g\ﬁt e.internal features wth a

second tenpl at &€ EH‘[‘QfES/l'F@ a%'ﬁnsweﬁtt ARG epsld et 43rdyinod fgﬁﬁrt

cards as alijpasishng smart card or a I’E] ect ed smart card; and sorting the

plurality of s ccor di identificatio 20 16. The

net hod as in qu{i&'nﬁafgg]%v\%c%egﬁaﬁcar tesps rBPVﬁflqtlon%r Ef‘fgt?séé%ﬁsﬁrdon't o each
smart card is m@rfromrrn@gi ajtsekprd nigerdon i test andlexingemet Smmvact icandlin a
readiw i t @ckadl Aidec@gHency antenna. 17. The nethod as in Caim16, further
conprising steps of: 25 witing to each smart card utilizing a | ong range
antenna; and P@&Eﬁ’"ﬂ{j‘q 8 ssEtecemataatergsdofitgachzsmgriacarbwith amdéstnt enna.
18. The meémpthtas in C aim15, wherein the step of identifying each snmart

card further co rises the step of printin |dent|f|c ion of the
passing 30 srrém) ?'&‘goefacﬂ"h%rnsgjc@(f 8%%‘% §?%°‘Uri”@<9@n Plsthe NtAA af t er
conpl et i orieatfres bé thesmaTg.card,

15 comparing the internal features with a second template;
identifying each smart card of the plurality of smart cards as a passing
smart card or a rejected smart card; and

sorting the plurality of smart cards according to the identification.

20 16. The method as in Claim 15, wherein the steps of writing and reading
to each smart card is performed utilizing a first and a second functional
read/write radio frequency antenna.

17. The method as in Claim 186, further comprising steps of:
25 writing to each smart card utilizing a long range antenna; and
reading from each smart card utilizing a short range antenna.

18. The method as in Claim 15, wherein the step of identifying each smart
card further comprises the step of printing the identification of the passing

30 smart card or the rejected smart card on each smart card after completion
of the testing.

19.  The method as in Ciaim 15, further comprising step of sensing
movements of each card in the test line utilizing a plurality of sensors.



19. The nmethod as in Caim15, further conprising step of sensing
novenents of each card in the test line utilizing a plurality of sensors.
WO 01/ 27587 PCT/ US00/ 07432 -21 20. The nmethod as in Claiml1l 5, wherein the

step of (Regliessi s performed after either of the first op-$RQENFH4E) €Xion
test. 21. The nmethod as in Caim15, further conprising tﬁg @t%ep oi

encoding 5 each smart card accordi qu to the intended use of each snart
card. 22. The nethod as in Caim 157 'Wwherein each smart card is a nmenber of

a specific card-type, and wherein the step of sorting the plurality of
smart carkds f lﬁh%@etb@iﬂrﬁﬁl”éé?éa'ﬂhé 55 tveperetn e stiepgofereablirgmer peréemaed

accor di ng dftertdiher 3 hReist bf seabAg tiefon gebt. The method as in Caim1 5,
wherein the steps of performing a first and second flexion test by flexing

each smart card in a first and second direction conprises the steps of
concavel y Xl.exiThg eethod mmrit Caird 185 Ofuxmﬂwelioanérinéuﬁg theldtep AFnshcoRImyEx! Yy

fl Th hod d
151 07t heroBonar i ScRERYDE 18 (PEIRIRR Lot R Ch e LAt o che |

plurality of smart cards with an application of a plurality of

appl cat ! anp At Meod 50 e 82 4uHERIPLaBRShAALE IR Indifibd: of 20 25.

The nmethod as ip Aaiml1l 5 further conprising rmning

comuni catl SREPHO CEGTYRR | 319 ¥hesginetenstarapt Seding gie phéabﬂmeérsmayt of

smart car dardshetiedredrpriseninenétetd fbrihgledenlsnsrt Bhid hésdiny tdghest eps of
Wit 19 tq gnqlcréaaarg g fromeach smart card. 25 26. An apparatus for
testlngfu S AN d Srablllty of a smart card conprising: a
computer-controlled serial test line conprising a pI urality of stations

conpri si ngi3 30 MRARS1HOY a@ﬁ'@lglrkkﬁsme eifiathd %tgf) per?%rrﬁﬁ\rgl ?a:fg%ez;

line; a first station wit car |'eas
devi ce foranépiﬂcgﬂ’}ﬁ’gﬂax'@é‘ntﬁsﬁd)\f dlexing @at:hesmelﬁracrardc@rd firgt seclosetastdat i on

for readi @igetfien OBMprisad the s@pstott Bbhch vl RFieQMd Qécl’{"%h’?drpgard)af&ﬁmsmrt

card;
15 a first roller and convexly flexing each smart card around a second roller.

24.  The method as in Claim 15, further comprising the step of encoding
each smart card of the plurality of smart cards with an application of a
plurality of applications according to an intended use of each said smart card.
20
25.  The method as in Claim 15, further comprising the step of determining
a communication protocol utilized by each smart card of the plurality of
smart cards, wherein the communication protocol is utilized in the steps of
writing to and reading from each smart card.
25
26. An apparatus for testing function and durability of a smart card
comprising:
a computer-controlled serial test line comprising a plurality of stations
comprising:
30 means for moving the smart card through the serial test line:
a first station writing to the smart card:
at least one flexion device for applying a bending force to the
smart card;
a second station for reading the smart card;
35 a third station for writing to the smart card;



WO 01/ 27587 PCT/ US00/ 07432 -22 at |east one fourth station for optically

i nspecting the smart <card; a fifth station for reading the smart card; and
a sixth station for marking the smart card according to test 5 results
deri ved woamtdse second, fourth and fifth test stations. P@r/uSéwragpar atus
of Claim 26, wherein the at |least one fourth station conprises two optical
i nspection devices, a first opticalpbnspection device conprising a light
source and a first canera for generatl ng an |nage of the 10 smart card, and
a second optical inspection devic cklight source and a
second canera for gé’ﬁg?%ﬁﬂ fAg® dOYHIBW nP Qﬁca'%é‘%ﬁéﬁ"@t the smart ai m 26,

wherein the at chkehst one fl exi on device corrprlses a first flexion roller

for flexing the srrartﬁﬁﬁrsq?tgnqo +é§&.n§“tﬁg% Crae%'t?'?)ém a second fl exion

roller for flexing the sma second opposite fromthe
first direction. 292 giEh éﬁ@'@t@@tfes rbﬁfk@h@lthe ZﬁnaW‘l@Wdl actdrdirfg tettest ati on

and tBe secondresilied HON QREDNE APSLEENE, fAHIEE AR fti gagY g\(dt@% antenna. 20
30. The apparatus of Cl aim 26, wherein the third station an Tslfth station

each conprise range antennas. 31. The apparatus of Cl aim 26, wherein the
means for 27ovi igecapypranes of Zdaian 28, twabekia theldtaldaby opk H@ﬂﬁ@@a’ﬁorf ol lers.

32. Th furth f. et

the commatariss Be el iTeeyien i Ehe S TEH SlPa anesiSh At par at us
as in C apnﬁ%lSlmeérIQh’li solece Bnddd Hrsitdamnerfaoforwgerteraigng an infegesomtiie car d
CONphbSes sARANE af Pl ar¥ btéé&n@noﬁtﬁ’@él' if8he bt Qeb e é&ﬁbhsﬁ%rg ba%%ﬁalrlfj' ng to

an intended use of the smart , _
source and a second camera for generating a shadow image.

28. The apparatus of Claim 26, wherein the at least one flexion device
comprises a first flexion roller for flexing the smart card in a first direction,

15 and a second flexion roller for flexing the smart card in a second direction
opposite from the first direction.

29. The apparatus of Claim 26, wherein the first station and the second
station each comprise a functional read/write antenna.

20
30. The apparatus of Claim 26, wherein the third station and fifth station
each comprise range antennas.

31.  The apparatus of Claim 26, wherein the means for moving comprises
25 a belt and a plurality of transport rollers.

32. The apparatus as in Claim 26, further comprising means for
determining the communication protocol utilized by the smart card.

30 33.  The apparatus as in Claim 26, wherein the third station for writing to
the smart card comprises means for writing an application to the smart card
according to an intended use of the smart card.



