| C CARD: READER. W TH AUDI O QUTPUT & W\ ield of theHErP\)e‘?«@EQnSHEETS SG"’*

The invention relates to I C card (sm rd) rea _ R
parficularly, to a portable, h d"'he d | C ca a@e}(r3 {Iﬁafe 'F"Q',\'/'itO ggeéi PR
audio output. 5 2. Description of the' relat¢H @ ?'f“ (s) :paged ....... ed .-oneue
cards are cards;. typically the size of a credit cafHDrawing(s) cpagesi Pl to paged ------- :

. integrated circuitry including an erasabl e angyrmpaaéaniphge Mo paged —i:
(EPROM) permtting the storage .of _data that ¢an be read out __and ¥
changed. The nost common use of 1C cards 10 has been as debit cards. As e
debi} cards, |LC cards have had several applications. | C cards

have 'been used by subway riders who purchase a card with a desired
val ue programmed into the card, with the stored val ue decreasi ng by an
anmount equal to the fare each tinme the card is used to gain access to
t he ‘'subway system O her cards are used in vendi ng nmachi nes, allow ng
users to carry one card to use for all their 15 vending purchases instead
of needi ng change or single dollars. The programmed

IC CARD READER-WITH AUDIO OUTPUT

1. Field of the Invention _
The invention relates to IC card (smart card) readers, and more particularly, to a

portable, hand-held IC card reader that provides an audio output.

2. Description of the related art.

IC cards are cards, typically the size of a credit card, that contain integrated
circuitry including an erasable and programmable ROM (EPROM) permitting the
storage of data that can be read out and changed. The most common use of IC cards

10  has been as debit cards. As debit cards, IC cards have had several applications.

IC cards have been used by subway riders who purchase a card with a desired
value programmed into the card, with the stored value decreasing by an amount equal -
to the fare each time the card is used to gain access to the subway system. Other

~ cards are used in vending machines, allbwing users to carry one card to use for all their
15 vending purchases instead of needing change or sin§!e dollars. The programmed
amount on the card is reduced each time a purchase is made. Prepaid telephone IC ‘}‘
cards are also popular. | , "

IC cards have also been used to make purchases from merchants. Thus, when
a person desires to make a purchase from a merchant, the merchant proceéses the

20 purchaser's debit card to deduct an amount from a balance stored on the card and. add
the same to his own bank balance. The card always stores the current credit balance,
which can be increased, for example, while inserted in a device that is electronically
_coupled to the user's bank account and decreased, for example, while inserted in a

. device that is electronically coupled to a merchant’s bank account.
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anount., en the card is reduced each tinme a purchase is nmade. Prepaid.

t el ephone 1C " cards are al so popul ar. | C cards have al so. - =

been used to make purchases from merchants. Thus, when a person
desires to make a purchase froma nerchant, the nmerchant processes the 20
purchasers debit. card to deduct an anobunt from a bal ance stored on the card

and add * the sane to *his own bank bal ance. The card al ways stores the™
current credit bal ance, whi ch can- bé increased, for exanple, while -
inserted jn a.device that is electronically "coupl ed to the users bank
account -and decreased, for exanple, while inserted in a ~ device that is
el éctronical 'y coupled to a nmerchant's bank account.

-2- Furthernore, |1C cards that do not store cash

i nformati on can al so be used. For - exanpl e; 1C cards have been used as
Identification cards and drivers' licenses that can store personal or

nmedi cal data, etc.

Furthemore, IC cards that do not siore cash information can also be used. For
example, IC cards have been used as identification cards and drivers’ licenses that can
store personal or medical data, etc.

One disadvantage of IC éards is that the user has no easy way to determine the

5 data that is stored on the card unless he or she rem-embers it. If the user forgets, then
he or she must normally go to a machine that accepts such cards to find out what is
stored on the card (e.g., the amount of money that is left on the card).

In order for the card holder to recall a balance amount that is on the card or to
verify that the proper amount was deducted from his or her card in any particular

10 transaction, stationary and portable IC card readers have been developed, which read
data from the cards and provide a visual output on a visual display such as a CRT or
LCD or LED display. Such readers are known, for example, in U.S. Pat. No. 5,015,830
to Masuzawa et al, U.S. Pat. No. 5,272,319 to Rey, and U.S. Pat. Nos. 5,247,164 and
4,406,064 to Takahashi. Those devices require a user to view and read the infonﬁation.

15  Such IC card readers can be difficult for anyone to read in low light situations if the
visual display is an LCD, and impossible for sight impaired persons to read with any
type of visual display.

Sight impéired persons have a problem with cash transactions, since such
persons do not have a foolproof way of determining the denominations of paper

20 currency. The problem also exists for using the conventional IC card as a debit card for
transactions, since again, in the example of a purchase from a merchant using the debit
card, the sight impaired person has no way of verifyiﬁg the actual amount of any -

deduction processed by the merchant.



One di sadvantage of IC cards is that the user has no easy way to determ ne
the 5 data that is stored on the card unless he or she renenbers it. If

t he *user. forgets,. then he or she must normally go to a machi ne that
accepts such cards to find out what is . stored on the card (e.g., the
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includes a small case in which are provided means for receiving an {C card having data

10  stored thea_'eon. means for reading the stored data and means for encoding the read
data into a series of voice commands. Ina préferred embodiment, such means are
provided by a microcontroller. Also provided in the case is a voice synthesizer circuit
which is responsive to the encoded data for producing a synthetic speech signal. An
audio amplifier. within the case is connected to the voice synthesizer circuif for

15 amplifying the synthetic speech signal. A miniature speaker internal to the case is
responsive to the synthetic speech signal for outputting an audio signal corresponding
to the stored data through small holes in a front face of the case.
_ | A membrane switch within the case is closed by a push button on the front face
of the case to electrically connect the microcontrolier to the card. Thus, in use of the IC

20 card reader, by holding the button down to close the switch, the microcontroller is
caused to interrogate the card so that the data stored on the caid is read into the
microcontroller. The microéomputer produces a synthetic speech signal that is
amplified by the amplifier and output by the speaker as synthetic speech which can be

heard by the user while holding the card reader with the speaker against the ear.
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-3- . SUMVARY OF THE | NVENTI ON

An object of the invention is to provide a nmeans by which an IC card

hok der, ‘particularly a sight inpaired person, can verify the contents
of , and changes in, data stored on the I1C card. I't is another object
of the invention to provide an IC card reader 5 can output data in
a formother than visual and that can be easily understood by a. -
visual 'y inpaired person. These obj ectives are net according to
the invention by an IC card reader that =% can output data in an audio

form ‘The IC C%@srﬁ?r‘?éaéaem%% ag gﬁ@eﬁiﬂ‘@arhnfﬁgﬂgdﬁhétscus%irﬁ%irﬁﬂgﬁggo[r‘lzr@ﬂo'
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internal to the case is responsive to the synthetic speech signal
for out pubgiangean audi o signal corresponding to the stored data
through small holes in a front face of the case. A nmenbr ane
switch within the case is closed by a push button on the front face of
the case to electrically g L q ! e card. Thus, in
use of the IC 20 card re , o close the
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Fig. 1 is a perspective view of the IC card reader according to the invention,;
Fig. 2 is a block circuit diagram of the IC card reader of the invention; and
Figs. 3A, 3B, 3C and 3D are flow éharts illustr'atihg the operation of the IC card
16 reader.
DETAILED DESCRIPTION_OF THE PREFERRED EMBODIMENT
Referring first to Fig. 1, an embodiment 10 of the IC card reéder according io the
invention includes a small rectangular case 12 suitably formed of hard plastic and of a
20 size convenient to be placed in a shirt or jacket pocket, for example 3.75 inches long,
2.5 inches wide and 0.25 inch thick. The case is closed on all sides except an end 14
ha?ing a slot 16 into which an IC card 18 of conventional design may be inserted. Asis
well known by those skilled in the ah. a conventional IC card has an erasable

progfammable ROM (not shown) and associated circuitry such as a microprocessor (not

25 shown). These electrical components are embedded in the IC card and communicate



-4- . Thus, if the card serves as a debit card, then upon its use

in a transaction, for exanpl e, to nmake a purchase or increase the
bal.-ance on the card, the user nmy insert the card in the card reader
to determ ne the bal ance stored in the card by voice out put. By

inserting the card in the card reader both before and after the.
transaction, 5 the user can easily determine the actual anount of any
credit to or debit fromthe card bal ance. _

BRI EF DESCRI PTI ON OF THE DRAW NGS These and ot her aspects of
the invention nmay be better under st ood™¥rom the 10 fol | ow ng detailed
description of a preferred enbodinent with reference to acconpanyi ng
drawi ngs i n which Fig. 1 is.a perspective view of the IC card

ende RSl b ToRUEBLAT S o 1 anterigreL by rch AeRbABRTL 8Mto
e e R T e e e el T
- electrical contact with circuitry of the reader as will be explained in detail balow.
The top face 22 of the case 12 has a push button 24 of a membrane swilch, and
5 aregion 26 with small holes 28. The holes 28 communicate with a miniature spealer
(not shown in Fig. 1) that outputs synthetic speech indicative of data on the card 18,
when the button 24 is depressed and held, as will be described below.
Referring next to Fig. 2, within the case 12 is a substrate (not shown) on which is
provided a ';nicrocontroller 32 having a seven-terminal audio address port (AAP) 32A,

10 an IC card port 32B and two resonator input/output terminals 32C and other terminals
as shown, and a voice synthesizer circuit 34 having a seven-terminal address input port
34A, a strobe input terminal 34B, a busy output terminal 34C and two audio output
terminals 34D. Two additional terminals aré provided for connecting a crystal 35. The
microcontroller suitably is an MCHCO5 (available from Motofola, Inc.) or equivalent.

15 The voice synthesizer circuit 34 suitabiy is an MSM8374 (available frofn-Oki |
Semicondﬁctor, Inc.).. Also provided on the substrate' are an audio amplifier 36
connected to the audio output terminals 34D, a ceramic resonator 38 connected to the
terminals 32C, a flip-flop 40 connected to the IC card pont 32B and the resonator 38, a
membrane switch 42, a transistor 44 which serves as a card power switch, an IC card

20  connector 46, connectors (not shown) for receiving 3-volt cells 49, and a 5-volt low
dropout voltage regulator 50. The IC card connector 46 has eight card connector pads
(according to International Standard Organization (ISO) 7816). These include pads
463, 46b, 48¢c, 48d and 46e that are connected as will be described below, and three
additional (unnumbered) pads not utilized in the present embodiment. Also provided

25 ‘within the case 12 is a miniature speaker 48 connected to the amplifier 36 by conductive



Referring first to Fig. 1, an enbodi nent 10 of the IC card reader according

to the i nvention includes a small rectangul ar case 12 suitably forned

of .hard plastic and of a 20 size convenient to be placed in a shirt or

j acket pocket, for exanple 3.75 inches |ong, 2.5 inches wide and 0.25

inch thick. The case is closed on all sides except an end 14 havi ng a

slot 16 inte which an I C card 18 of conventional design nmay be inserted. As

is - well known by those skilled in the art, a conventional |IC card has
" an-erasable - programmabl e ROM (not ~8hown) and associated circuitry such

as a mcroprocessor (not 25 shown). These electrical conponents are
enmbedded in the IC card and comruni cat e

- 5- with the outside by neans such as an I C contact area 19. Wen
the 1C card is inserted in the case 12 with its top face 20 facing
upward, the contacts of contact area 19 nake el ectrical contact with
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and powered by the cells 49, through theé membrane swnch 42 and the 5-volt voltage
regulator 50.
A conductive line 52a connscts the ccliecior of transistor 44 to pad 46a in order
5 to supply powerto the IC card 18+rom the batiery cells 49 through the switch 44 and
voltage regulator 50., in response to a signal frem the microcontroller 32. A conductive
line 52b carries an IC card reset signal from th2 microcontroller 32 to pad 46b and
thence to the IC card. A line 52¢ carries serial cata from the IC card 18 to the
~ microcontrelier 32 via pad 46¢. A condu'ctive line 52d carries a card clock signal having
10 half the frequency of ceramic rescnator 38 from the flip flop 40 to pad 46d and thence
the IC card 18 in response to a signal from the microcontroller 32. Finally, a conductive
pad 48e is connected to ground.
The voice synthesizer circuit 34 stores vacfbus sounds in its internal memory,
including syllables that make up all numbers 2215 to nine and a beep sound. When an
16 address is output by the microcontrclier 32 from its AAP port 32A and presented to the
synthesizer circuit 34 via its address input port 32A, z;nd the strobe input terminal 34B is
activated, the synthesizer circuit 34 produces an znalog audio signal corresponding to'
the location in the memory that the address references. The audio analog signal is
output to the amplifier 36, which in turn drives the speaker 48. During the audio output,
20 the synthesiier circuit 34 indicates that it is perfcrming audio conversion by issuing a
busy signal back to the microcontroller 32 via the synthesizer circuit's busy output
terminal 34C. |
Referring also to Fig. 3A, the IC card reader 10 operales in the following manner.
~ Upon insertion of the card 18 into the slot 16 of the reader 10, the IC contact area 19 of

25  the card makes physical electrical contact with ths contact pads 46a-46e of the IC card



5 aregion 26 with small holes 28. The hol es 28 communi cate with a

m ni at ure speaker (not shown in Fig. 1) that outputs synthetic speech.
i ndi‘cative of data oh the card 18, when the button 24 is depressed
and held, as will be described bel ow. ‘Referring next to Fig. 2,
within the case 12 is a substrate (not shown) on which is provided a

m crocontrol l er 32 having a seven-terninal audi o address port (AAP) 32A,
10 .an IC card port 32B and two resonator input/output term'nals 32C and.

ot her ‘teim nal s as shown, and a v0| ce synthesizer circuit 34 having a
seven-term nal address input port =734A, a strobe I nput termnal 34B, a
busy out put term nal 34C and two audi 0o out put termnals 34D. Two

additional terminals are provided for connecting a crystal 35. The

m crocontroller suitably is an MCHCO5 (avail able from Mdtorola, Inc.) or
equivalent. 15 The voice synthesizer circuit 34 suitably is an MSM5374
(avai |l abl e from ki Sem conductor, Inc.). Also provided on the

subst r at e€canecton 4&udite asgrl then doldicthe IC cardireradeediose toids aubliéneangqas to be

termnals 34D, a ceram c resonator 38 connected to the term nals 32C,
a flip-flaye heanareudie ewpvhisomdheamiaigiure spzakei B, @ pressemtherbyddn 24

menbrane switch 42, a transistor 44 which serves as a Cab&v ower switch, an
IC card 29 thabliipaltary power Sivieb4s is qlorad. drRfRRY Araviding: Fg?fﬁe@m\m?t cell's

49, and 4. @ Mntrolidl'32, voice synthesizer circuit 34 and amplifier 36. The microcontroller 32

5 then establishes communication With the IC card 18, performs initial housekeeping
tasks (step S1) and resets the IC card reset line 52b to a logic O (step S2).

Next, the microcontroller 32 turns the transistor 44 ON to provide power to the
card 18 (step S3). After a short pause, to ensure that the IC card VCC is established,
the microcontroller enables flip-flop 40 b{( discontinuing a clear signél, whereupon flip-

10 flop 40 begins to provide a clock signal to the IC card (step S4). This initiates a cold
reset process. The microcontroiler 32 monitors the card d-a!a line 46¢ and waits a
predéterm ined number of clock cycles, for example 40,000 clock cycles, for an initial
response from the IC card 18 (step S5).

Turning next to Fig. 4B, the initial response is referred to by International

165  Standard Organization {(1SO) 7816 as an answer to r?set (ATR). If an ATR signalis not
received within the predetermi'ned number (40,000) of clock cycles (step S8), the
microcontrolier sets the IC card reset line 52b high to initiate a warm reset (step S7).
The microcontroller 32 then again waits a predetermined number of clock cycles (for
example 40,000) (step S8), while continuing to monitor the data line 52¢ for the ATR

20 signal from the IC card. Another check is made at step S9 to determine whether the
ATR signal has been received. If the ATR signal has been received (“Yes” at step S6 or
step 89), a verification procedure is conducted at step S10. If the ATR signal was
invalid ("No” at step §11), or if the waiting time expired without any ATR signal (“No" at
step S9), an error flag is set within an internal RAM (not shown) in fhe microcontroller

25 32 and the microcontroller shuts down the IC card by disabling the card clock signal at



dropout vol tage regul ator 50. The I C card connector 46 has eight card

connect or pads . (according to International Standard O ganization
(18O 7816). These include pads 46a, 46b, 46c¢, 46d and 46e that are
connected as will be described below, and three addi ti onal

(unnunbered) pads not utilized in the present enbodi nment. Al so provided 25
within the.case 12 is a m ni ature speaker 48 connected to the anplifier 36

by conductive | i nes 48a. The microcontroller 32,

'voi ce synthesis circuit 34 and audio anplifier 36 are power ed by t he
cells 49, through the nenbrane switch 42 and the 5-volt voltage

regul at or 50. A conductive T?ne 52a connects the coll ector of

transistor 44 to pad 46a in order

the flip-flop 40 and turning transistor 44 OFF to stop providing power to the IC card
(step S12).
Assuming that a valid ATR signal has been received within the prescribed waiting
period (“Yes” at step S11), the microcontroller requ'egts card balance data from a file
5 inside the IC card (step S13). This can be done in a number of ways, depending on the
details of tha IC card. In the preferred embodiment, the microcontroller 32 sends a
command to th~e IC card on the data line 52¢ and waits for a response. Data is then
sent from the IC card to the microcontrolier on the data line 52¢ and the received data is
temporarily stored in the intemal RAM (step S14). The microcontroller 32 then checks
10 the data for parity and time-out errors (step S15). If any errors are detected, the
process goes to step S12; that is, the micfocontroller sets an error flag in its memory
and discontinues the card clock signal and turns the transistor 44 OFF.
If no error is detected, microcontroller 32 shuts down the IC card by discontinuing
the card clock signal and turning transistor 44 OFF (step S$16). The mic;ocontroller then
15 converts the card balance data to binary coded decimal (BCD) form.
The next series of steps {(an output routine shown in Fig. 3C) are to vocalize the
data. First, the microcontroller 32 writes the address code of the beep lone to the AAP
32A from which it is applied to the address input port 34A of the synthesizer circuit 34
(step S18). Then, in a step S19, two beep tohes are output, separated by a 100
20 millisecond break. The two beep tones are generated in the following manner: The
microcontroller 32 issues a strobe pulse to the strobe input terminal 348 of the
synthesizer circuit 34, in response to which the synthesizer circuit causes a beep tone
to be genérated. The synthesizer-circuit also responds by applying a busy signal to the
microcontroller 32 and the microcontroller responds by waiting before issuing the next

25 sound code. When a full beep tone has been sounded, the busy signal is removed.



5 't'Q'»suppIy power to the I1C card 18 fromthe battery cells 49 through the

switch 44 and vol tage regul ator 50, in response to a signal fromthe
m erocontrol l er 32. A conductive line 52b carries an | C card reset
signal fromthe mcrocontroller 32 to pad 46b and thence to the IC

card. Aline 52c carries serial data fromthe I1C card 18 to the.
m crocontrol ler 32 via pad 46¢. A conductive line 52d carries a card cl ock
si gnal * having 18 half the frequency of ceramic resonator 38 fromthe flip

flop 40 to pad 46d and thence the 1C card 18 in response to a signal
“fromthe microcontrol l er 32. Finally, a’tonducti ve pad 46e is
connected to ground. The voice synthesizer circuit 34 stores
various sounds in its internal nenory, i ncludi ng syl | abl es that make

up all nunbers zero to nine and a beep sound. Wien an 15 address is out put
by the microcontroller 32 fromits AAP port 32A and presented to the

synthesizer circuit 34 via its address i'nput port 34A, and the strobe input
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Refer I n the I Cscard reader 10 operates in the foll ow ng
5 %&Jﬁ%&gsﬁnsertlon of the card 18 into the slot 16 of the reader
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end of the second busy signal, the microcontroller 32 again delays, this time for 500
milliseconds (step S21), and then reads the most significant digit from the BCD data
stored in the RAM (step $22), goes to a lcokup table to obtain the corresponding sound

10 address code (step S23) and then writes this code to the AAP 32A so as to be applied
to the synthesizer circuit 34 {(step S24). The microcontroller 32 then issues a strobe
signal to the synthesizer circuit (step S25) to étart the vocalization. Meanwhile, in
microcontroller 32 an internal memory pointer to the data digits is incremented to
reference the next most significant digit to be vocalized (step S26). A determination is

15 then made as to whether end of the data (the least significant digit) has been processed
(step S27). if not, the process retums to step S20, ar’wd steps S20 to S27 are repeated
until all digits have been vocalized. if the data includes a decimal point, it is
represented by a single short beep. When the last of the digits has been vocalized, in a
step S28, the beep code is reloaded into the AAP port 32A in the same manner as is

20 discussed above with reference to step S18, and two strobe signals are issued at 100
millisecond intervals to produce two short beeps in the same manner as discussed
above with reference to step S19. At this point, the user can release pressure from the
button 24 to open the membrana switch 42.

If some error in the operation has been detected, and stored as an error flag set

25 in the RAM of the microcontroller 32, such as lack of a card, a non-functioning card, or a



-7- ¢ connector 46. The user then holds the IC card reader close
to his or her ear so as to be able to hear an audio output fromthe

" mni'ature speaker 48, and presses the button 24 so that the battery

power switch 42 'is closed, thereby providing DC power to the

m crocontrol l er 32, voice synthesizer circuit 34 and anplifier 36. The

m crocontroller 32 5 then establishes comunication with the IC card 18,

perforns'initial housekeeping tasks (step S1) and resets the IC card

resef line 52b to a logic O (step S2). Next, the

m crocontroller 32 turns the transistor 44 ONto provide power to the

card 18 (step S3). After a short pause,~Po ensure that the IC card VCCis

est abl i shed, the mcrocontroller enables flip-flop 40 by
di scontinuing a clear signal, whereupon flip- 10 flop 40 begins to provide
a clock signal to the IC card (step S4). This initiates a cold reset

process. JHBMHNGOSRIY (P8rity3atheprihe arisracpatioiedfirghparipime stepcS i@swai ts a
predet er mined nupber of clock, cycles, for, exanple 40,000 clock cycles, for

| | . CY
an i niti afiscussed alaymies@seoniinuende docesignalaandpeyesty the IC card, and then
performs an error routine that is shown in Fig. 3D, to issue continuous beeps at 250

millisecond intarvals. The different tempo of the beeps makes it easy for the user to
5 distinguish an error signal from tize start of valid data. The error signal remains active
until the user releases préssure from the button 24. |
The error routine as illustrated in Fig. 3D includes the following steps: The code

for the beep tone is lcaded in;o the AAP port 32A (step S29) in.the same ménner asis
discussed above with reference to step S$18. The strobe signal is then applied by the

10 microcontroller 32 to the strobe input terminal 348 of the synthesizer circuit 34, in
response to which the synthesizer circuit 34 produces a beep tone (step 30). The
synthasizer circuit also respond; by applying a busy signal to the microcontroller 32,
causing'the latter to wait before issuing the next sound code (step S31). When the full
beep tone has been sounded, the busy signal is removed. The microcontroller then

15  delays 250 milliseconds (step 32) and then the process returns to step S30 for
production of another beep tone. The routine is repsated over and over to preduce
successive beeps until the user releases the button 24 to open the membrane switch 42
and thereby cuts off the power supply. '

It will be understood that the abové description of the present invention is

20  susceptible to various modifications, changes, and adaptations, and the same are
intended to be comprehended within the meaning'and range of equivalents of the
appended claims. For examplg, while the disclosed embodiment is adapted toread IC
cards that store numerical data such as a monetary amount, the invention is not so |
limited and may easily be adapted to read IC cards that store nonmonetary and

25 ‘nonnumerical data. Moreover, while the disclosed embodiment re_ads IC cards which

e At



Turning- next to Fig. 4B, the initial response is referred to by
International 15 Standard Organization (1SO 7816 as an answer to reset
(ATR). If an ATR signal is not received within the predeterm ned
nunber (40, 000) of clock cycles (step S6), the m crocontrol l er sets
the 1C card reset line 52b high to initiate a warmreset (step S7).

The .m crocontroller 32 then again waits a predeterm ned nunber of clock
cycles (for exanpl € 40,000) (step S8), while continuing to nonitor- the
-data line 52c for the ATR 20 signal fromthe IC card. Another check is
made at .step S9 to determ ne whether the ATR signal has been received.
If the ATR signal has been received (1¥és" at step S6 or step S9), a
verification procedure is conducted at step S10. If the ATR signal was
invalid ("No" at step S11), or if the waiting time expired without any ATR
signal ("No" at step S9), an error flag is set wthin an internal RAM
- (not shown) in the mcrocontroller 25 32 and the microcontroller shuts
down the 1 C card by disabling the card cl ock signal at

- 8- have microprocessors, the invention also is applicable to IC cards which do not, such as
telephone cards which may have only EEPROMs. Further, while the disclosed
embodiment is intended for sight impaired persons, a visual output like that provided in
a conventional IC card reader, for use by those not visually impaired, may also be

5 provided at minimal additional cost and with little if any additional space requirements in
~ and on the case. The invention may be further useful to non-sight-impaired persons in

jow light conditions.



the flip-flop 40 and 'turnin tran5|stc_)r' 44 O:Fto stop providing power to
the 1C card (step S12).i muu “l !II“ ﬂlgn ng that a valid ATR signal |
has been received within the period ("Yes" at step

S11), the mcrocontroller requests card” bal ance data froma file 5 inside
the 1C card (step S13). This can be done in a nunber of ways, depending on

t he details of the-1C card. In the preferred enbodi nent, the
m crocontrol l er 32 sends a command to the 1C card on the data |ine 52c
and'waits for a response. Data is then sent fromthe I1C card to the

m-crocontroller on the data line 52c_and the received data is
tenporarily stored in the internal ~RAm (step S14). The m crocontroller 32
then checks 10 the data for parity and tine-out errors (step S15). If any

errors are detected, the process goes to step S12; that is, the
m crocontrol ler sets an error flag in its nenory and di scontinues t he
card clock signal and turns the transistor 44 OFF. If no error

i s det ect roller 32 shuts down the I C card by discontinuing
the card @&ygé[?&{’ g{}gand turning transistor 44 OFF (step S16). The

m crocontrol | th i FANEET ard bal ance data to binary coded
deci nal (BCD)e1; %Céérd "tﬁ’:mbnex series of steps (an output routine

shown in Fig. g&n%tgctagevocal i ze the data. First, the
m crocontroller 32 wites the address code of the beep tone to the AAP

32A from whi chg slibdteat@mpkaidtadse; t he address input port 34A of the
synt hesi zer circuit 34

5 means on said substrate for receiving an IC card having data stored thereon;
~means on said substrate for reading the stored data;
means on said substrate for encoding the read data into a series of voice
commands;
| voice synthesis means, dispoeed on said substrate and responsive to the
10 encoded data, for producing a synthetic speech signal; and
means, disposed on said'case and responsive to the synthetic speech signal, for
outputting an audio signal corresponding to the stored data.
2. A portable IC card reader, comprising:
a case having means for removably receiving an IC card; |
15 means in séid case for reading data stored on.the card;
means in said case for encoding the read data into a series of voice commands;
voice synthesis means, disposed in said case and responsive to the encoded
data, for producing a synthetic speech signal; and
means, mounted in said case and responsive to the synthetic speech signal, for
20 outputting synthetic speech corresponding to the stored data.
3. A portable IC card reader according to claim 2, further comprising means
for receiving a battery in said case for supplying electrical power.
4, A portable IC card reader according to claim 3, further comprising a

“switch for connecting and disconnecting the battery.



(step S18). Then, in a step S19;—two beep tones are output, separated by a

100 20 mllisecond break. The t . § generated in the

fol1 owi ng manner: The .nicHo?ﬂlﬁﬂ%ﬂ"ﬂﬂﬁﬂE!ﬁﬂﬂues a strobe pulse to the
strobe input termnal 34B of the » "¢ .8Y l.4Er .circuit 34, in response
to which the synthesizer circuit causes a beep tone to be generated.
The synthesizer circuit also responds by applying a busy signal to the

m crocontroller .32 and the microcontroller responds by waiting before

i ssui ng t-he next 25 sound code. Wen a full beep tone has been sounded,

t he busy signal is renoved.

-9- The m crocontroller 32'delays 100 mlliseconds so that there
is a distinct pause between sound®~ and t hen i ssues anot her strobe
signal to cause another beep tone to be generated (acconpani ed by

i ssuance of another busy signal), in the same manner the

5.  Aportable IC card reader according to claim 4, wherein the switch is a
momentary-contact switch which is closed by manual pressure exerted from outside the
case,

6. A portable IC card reader according to claim 2, wherein the case has a

5 length of less than five inches, a width of less than four inches, and a height of less than
one-half inch.

7. A portable IC card reader, comprising:

a case having means for removably receiving an IC card;

a microcontroller in said case for réading data stored on the card and encodidg

10 the read data into a series of voice commands;

a voice synthesizer circuit, disposed in said case and responsive to the encoded
data, for producing a synthetic speech signal;

an amplifier for amplifying the synthetic speech signal; and

means, mounted in said case and responsive to the amplified synihetic speech

15 signal, for outputting an audio signal corresponding to the stored data. _

8. A portable IC card reader according to claim 7, further comprising means
for receiving a battery in said case and a switch exposed on a surface of said case and
connecting said battery to said microcontroller, said microcontroller being responsive to
closing of said switch to interrogate the card so that the data stored on the card is read

20 into the microcontroller.

9. A portable IC card reader according to claim 7, wherein the audio signal is
synthetic speech. .

10. A portable IC card reader according to claim 9, wherein, both before and

after the synthetic speech signal, the voice synthesizer produces, and the audio signal



first béep tone was generated. The twobeeps—i-ndi-cate to the user that
valid data is 5 about to be spoken. The mcrocontroller waits

for "'the end of the |atest busy signal MHH j’ , " t end of the
second busy signal, the mcrocontrolile I this time for 500
mlliseconds (step S21), and then reads the nost significant digit fromthe

BCD dat a * stored in the RAM (step S22), goes to a | odkup table to
obtain the correspondi ng sound 10 address code (step S23) and then wites
this code to the AAP 32A so as to be applied to the synthesizer

circuit 34 (step S24). The .microcontroller 32 then issues a strobe

signal -to the synthesizer circuit (step S25) to start t he vocali zati on.
"Meanwhile, in - mcrocontroller 32 ajyJnternal menory pointer to the
data digits is increnented to reference the next nost. significant
digit to be vocalized (step S26). A determnation is 15 then nmade as to
whet her end of the data (the least significant digit) has been processed
(step S27). If not, the process returns to step S20, and steps S20 to S27

are repeated until all digits have been vocalized. If the data
i ncl udes eptlRGh A Bltputd tohs dicABNES BBERAITY add éh&‘iﬁf‘?hé@ ep.
When t he Ia;g‘tq %ehe di gtlp'?s hasstt)%tlannlvoca |zgg ﬁ?la step g‘mﬁ'\ehé

beep codeoirgspehdingad thalstorbiejafelP port 32A in the same manner as is 20
di scussed above with reference to step S18, and two strobe signals are

i ssued at 100 mllisecond intervals to produce two short beeps in the
sane manner as di scussed abowe with reference to step S19. At this
poi nt, the user can rel ease pressure fromthe button 24 to open the
menbrane switch 42. |f sone error in the operation has been
detected, and stored as an error flag set 25 in the RAMof the

m crocontroll er 32, such as lack of a card, a non-functioning card, or a



communkcation error. (parity), then the mcrocontroller first perforns step

S12 as di scussed above to discontinue the clock signal and power to .
the I C card, and then perfornms an error routine that is shown in Fig.
3D, to issue continuous beeps at 250 mllisecond intervals. The

different tenpo of the beeps nmakes it easy for the user to 5 -distinguish
an error signal fromthe.start of valid data. The error signal remains
active until the user releases pressure fromthe button 24.

The error routine as illustrated in Fig. 3D includes the foll ow ng steps:
The code for the beep tone is |loaded into the AAP port 32A (step S29)
In the sane nmanner as is di scussed’above with reference to step Si8.
The strobe signal is then applied by the 10 mcrocontroller 32 to the
strobe input term nal 34B of the synthesizer circuit 34, in response
to which the synthesizer circuit 34 produces a beep tone (step 30). The
synt hesi zer circuit also responds by applying a busy signal to the

m crocontrol l er 32, causing the latter to wait before issuing the

- next sound code (step S31). Wen the full beep tone has been sounded,
- the busy signal is renoved. The nmicrocontroller then

ABSTRACT OF THE DISCLOSURE
An IC card reader that can output data in an audio form. The IC card reader
includes a small portable case in"which an IC card can be inserted. A microcontroiier
powered by a battery within the case reads the stored data from the IC card and
5 encodes the read data into a series of voice commands. A voice synthesizer circuit
broduce a synthetic speech signal from the encoded data. An gmplifier within the case
is connected to the voice synthesizer circuit for amplifying the synthetic speech signal.
A speaker also internal to the case is resbonsive to the synthetic signal for outputting an
audio signal corresponding to the stored data through small holes in the front face the
10 case. A membrane switch within the case can be closed using a push button on the
front face of the case to electrically connect the microcontroller to the card.  Thus, in
use of the IC card reader, when the button is depressed to close the switch, the
microcontroller is caused to interrogate the card so that the data stored on the card is
read into the miéroconzroller. The microcomputer pr::duces a synthetic speech signal
15 thatis amplif'ied by the amplifier and output by the speaker as synthetic speech which

can be heard by the user by holding the card reader with the speaker against the user's

i



15 delays 250 m | 1iseconds (step 32) and then the process returns to step

S30 f.or production of another beép'tone.  The routine is repeated over
and ‘over to produce successi ve beeps until the user rel eases the
button 24 to open the nenbrane switch 42 and thereby cuts off the
power supply. It wll be understood that the above description
of the present invention is 20 susceptlble to various nodifications,
changes, and adaptations, and the same a/é i ntended to be conprehended
wi thin the neaning and range of equivalents of the appended cl ai ns.

For exanple, while the disclosed enmbodinent is adapted to read IC

cards that store nunEEr gE@dSSgQ$UCh as a nonetary a nvention is
not so limted ahd y be adapted to rea&EWGégargﬁ hat store
nonnonetary and 25 nonnuneri cal data. Moreover, | e the disclosed
enbodi nent reads | C cards which
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have m.&roprocessors, the invention also is applicable to I.C cards which do
not, .such as t el ephone cards wid/ah may have only EEPROVs. Further,
whi e the di scl osed enbodi ment is intended for sight inpaired persons,
a visual output like that provided in a@ve ional |1C card reader,
for use by those not visually inpaired, nma be} 5 provided at m ninmal
additional cost and wth [i ' -1 ' (N

and on the case. The invention may be further usef 46 non-si ght-inpaired
persons in I owééght ondi t1 ons.
-12-
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What ié'cléined is: 1. A I C card reader, conprising:

a’'portabl e case; : a substrate in said case; - 5 ~ means on
sai d substrate for receiving an I C card having data stored thereon;
means on said substrate for reading the stored data; means on

said substrate for encoding the read dafa into a series of voice

conmands; -vojcegynt hesi s nean €E§p on said substrate and
responsive to the 10 encipdAd Hata, for produ (s nt heti c speech signal;
and means, dihgpg#ed on said case and responsive to the

synt hetic speech signal, fér out putting gg audi o si gnal g{responding
to the stored dga. 2. A portab | C card reader onprising:
a case having ﬁﬁ iving ary I C card; 15 _neans in

sai d case for readi
voi ce synthesis neansy {1 i d earse=srr-respdnsi ve *rerire=tncoded
data, for producing a s

out putting synthetic speec
3. A portabl@ | C card r¢ude
means f or

power . A q
further conprisingla_____swich [
battery.
S11
NO .
VALID ?_~
S13 Nt
READ CARD FILE
s, ]
STORE BALANCE DATA
S15
ERRORS YES ;
DETECTED ?
S16-\
SHUT DOWN IC CARD ' 519
{ Yy
CONVERT BALANGE SET ERROR FLAG AND
DATATO DE IMAL - | SHUT OWN {G CARD

517 ‘



-

-13- ' 5. A portable I1C card reader according to claim4,
wHerein the switch is a nmonment ary-contact switch which is closed by
mantal pressure exerted from outside the case. ' 6. A
portable |1 C card reader according to cl &/ 2, wherein the case has a 5

| ength of less than five inches, a width an four inches, and a
hei ght of |ess than erre hal f i nch. FWG%@ A portable | C card
reader, conpri sing:
an I C card
stored on theS
commands;

and responsive to
signal; -

a case having neans for renovably receiving
. grocontroller in said case for reading data

ard and en ptiing 10 the read data into a series of voice

a vogce synthesizer circuit, disposed in said case
jlata, for produ0|ng a synthetlc speech

GENERATE TWO
BEEP TONES

S19’I <

[

l $26
WAT ] UPDATE POINTER |
529 I l
S~
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523 l
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RETRIEVE SOUND
ADDRESS CODE
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an amplifier for anplif,
means, noynted in said
speech A5+ signal, for
stored dat a.

bsfa&O! d' ed 295 Halrd .~

7, further conprising aftery In sal case a

swi tch exposed on a sur connect i ng_sai baﬂt@r&EB]QQ?
to said mcrocontrollerl, said mcrocontrdller bein ok RECERPT ...ovooeoo :
cl osing of said switch ¥o=rmrerrogare=rme card so that the data stored on

the card is read 20 into the microcontroller. 9. A portable

| C card reader according to claim?7, mhergln the audio signal is

synt heti c speech. -10. A portable IC card reader according to

claim9, wherein, both beforMM| c speech signal,
t he voi ce synthesi zer produces, —an € audl 0 sl gn

-14- An object of the invention is to provide a means by which an IC card

{@N

holder, particularly a sight impaired person, can verify the contents of, and
changes in, data stored on the IC card. It is another object of the invention to

. provide an IC-card reader which can output data in a form other than visual and
that can be easily understood by a visually impaired person.

These objectives are met according to the invention by an iC card reader
that can output data in an audio form. The IC card reader acco'rding to the
invention includes a small case in which are provided means for receiving an (C
card having data stored thereon, means for reading the stored data and means
for encoding the read data into a series of voice commands. In a preferred

~ embodiment, such means ‘are provided by a microcontroller. Also provided in
the case is a voice synthesizer circuit which is responsive to the encoded data
for producing a synthetic speech signal. An audio amplifier within the case is
connected to th'e voice synthesizer circuit for amplifying the synthetic speech
signal. A miniature speaker internal to the case is responsive to the synthetic
speech signal for outputting an audio signal corresponding to the stored data
through small holes in a front face of the case.

A membrane switch within the case is closed by a push button on the
front face of the case to electrically connect the microcontroller to the card.
Thus, in use of fhe IC card reader, by holding the button down to close the

~ switch, the microcontroller is caused to interrogate the card so that the data
stored on the card is read into the microcontroller. The microcomputer
produces a synthetic speech signal that is amplified by the amplifier and output
by the 'speake_r as synthetic speech which can be heard by the user whiie

holding the card reader with the speaker against the ear.



out put i ng means out puts tones to indicate the beginning and end of the

synt het i S corr espondi ng to the stored.data. REPLACEMENT SHEET
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ABSTRACT OF THE DISCLOSURE
IC CARD READER WITH AUDIO OUTPUT

An IC card reader t.hat can output data in an audio form. The IC card reader
includes a small portable case in“which an IC card can be inserte&. A microcontroller
powered by a battery within the case reads the stored data from the IC card and
enccdes the réad data into a series of voica commands. A voice synthasizer circuit
produce a synthetic speech signal from the encoded data. An gmpliﬁef within the case
is connected to the voice synthesizer circuit for amplifying the synthetic speech signal.
A speaker also internal to the casa is responsive to the synthetic signal for outputting an

audio signal corresponding to the stored data through small holes in the front face the

case. A membréne switch within the case can be closed using a push button on the

front face of the case to electrically connect the microcontroller to the card. Thus, in

use c.>f’ the IC card reader, when the button is depressed to close the switch, the

microcontroller is caused to interrogate the card so that the data étored on the card is
read into the microcontroller. The ricrocomputer produces a synthetic speech signal
that is amplified by the amplifier and cutput by the speaker as synthetic speech which

can be heard by the user by holding the card reader with the speaker against the user's

ear.

FIGURE 1
A



