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-. (5‘7) Abstract.

A telecommunication device for the deaf (12, 14, 16, 20, 22, 24, 26, 28) operates under conventional Baudot communication 1

TDD is also capable of pseudo-duplex communication with a similar TDD in which each device transmits packets of characters
alternatively to the other thus making it appear to the users that simultaneous transmission is occuring. The implementation of
these features is done in such a way that the TDD is fully capable of communication with existing TDD devices and the device
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Figld o; the Invention

The present invention relates to telecommunication
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15 devices for the deaf in general; and, in particular, to
~ improve telecommunication devices for the deaf which offer
lncreased conversatlon-llke ablllty'wﬁlleqmaintalnlng
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;compatlblllty‘with exlst;ng devices ‘already in use.
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_' ,_Back-rouhd”of the-Invention
20 -" Persone who aredeaf or hear;ng impaired who cannot
| '.hear well enoughlto use the telephone commonlyhmake use of
'communicatlon tenminals speolfically'constructed in design
-to enable such persons to oonveree over telephone lines.
,_.,Such devzcee are referred to as telecommunloatlon devices
-,25  "for the deaf, or TDD's, and lnclude both a keyboard and a
 -dLeplay'connected to the telephone through a modem
e’_(modulator/demodulator) The:modem is typically built
'  lntO a TDD connected either by'hard'WLrlng directly to a
. ‘ telephone llne or through an. acoustlc coupler which
a30'11oouples thetmodem.to a nonmal telephone handset. TDD’

,e*f  are noxmelly'capeble of txansmlttlng information over a
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}@off t e'   gte1ephone llne by'meens of coded tones to another
~ compatible TDD connected at the OppOSlt@ end of the
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35  There are ‘several protocols that are used for
o "' transmitf1ng dlgltal lnformatlon ‘through analog lines such
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protocol ln the electronzcs industry is referred to as
.ASCII.(Amerlcan-Standard Code for Information
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.,
Interchange). The ASCII code was designed for and is most
commonly used for information interchange between
compﬁtars. However, largely due to historic reasons,
TDD’s have operated on a different protocol, originally
5 developed specifically for TDD communication. This TDD
protocol is referred to here as the Baudot/Weitbrecht, or
standard Baudot, and includes both a specific 5-bit Baudot
code and a frequency shift keying (FSK) protocol of
electronic communication. The standard Baudot
10 communlication is simplex, that is to say it is capable of
only transmitting in one direction at one time.
Therefore, during normal TDD communication, one station
must be silent while the other is transmitting. It has
become a convention that one TDD user informs the other
15 TDD user when it is the other user’s turn to utilize the
communication link.
' The inability of the traditional Baudot/TDD
communication network to permit bi-directional or duplex
communication.ofﬁtheinetwork created by this form of
20  communications has been an inadequacy since its inception.
Under current TDD/Baudot’communication protocols, if both
users attempt to transmlt at the same time, each station
will only'display to the user the characters it 1is
.transmittlng This is because standard Baudot TDD'’s are
25 designed to glve‘prlorlty“to transm&ssmon. Since prior
TDD’s cannot receive data'while transmitting,fwhen
- transmittlng standard TDD's make no attempt to.recelve
'anoming characters. This creates obvious difficulties in
the use of TDD syetems for communication between. i
30 'lndLVLduals and'makes such communication not similar to
normal hummn communication. 'As in even a brief monitoring
of bral'cOmmunication7between*hearing individuals will
~indicate, human speech is characterized by constant
:lnterruptlons and Lnterchange. The current TDD/Baudot
35 communlcatlon network is incapable of handling such
interruptions and interjections, and hence is less similar
to audible humanLCOnversations than would be desired in an
ideal system.
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: In addition, it is often desired that during a 'TDD

j communication that one user be able to signal or interrupt

;?v the other user. Often, for example, one user may be
launched onto a long description, or explanation, which

5 the other user is already aware of or has heard before.
In normal human audible conversation, a listener can

: indicate to the speaker that he has already heard that

;} part of the explanation. In TDD communication, due to the
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simplex nature of the communication link, the receiver is
E 10 unable to communicate with the transmitter until the
transmission is complete. Since communications can
: sometimes be quite long, this is a source of frustration
% - and time delay, and hampers normal human tendencies during
' conversation. Heretofore the standard Baudot/Weitbrecht
15 network has been incapable of handling such tendencies.

-~ o,

There was one instance known of an attempt to permit
interruption in a communication device operating under
Baudot protocol. One of the early originators of TDD
communications in'the United States, Mr. Weitbrecht

20 'lnstltuteda “newe service" for the deaf community in the
- United States accessmble by telephone. Mr. Weitbrecht
constructed what wes, Ln essence a recording device, which
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played out a pQILOdlC news campllatlon in Baudot
communication to any TDD that would dial the phone number
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g' 25 assocmatedww1th the news service. In that time period, it
g-' . was common for TDD'e to llsten for space tones (1800

% - - .Hertz) only, and to not even sense'mark tones (1400

%- ' Hertz) A.recelv1ng TDD'would simply assume absence of

SO ~ space tones during a character meant mark. Utilizing this
% 30  characteristic, Weitbrecht constructed the news service

' ".dev1ce so that if it was to transmlt a bit sequence of
: ~three:marks (or 1's) at any p01nt during the transmission,

'-the device would Smely stop transmitting the mark tone
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and llsten for tones from the communicating station. If
35  tones were sensed during the interval, the news service
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device would cease transmission. This feature was
transparent toc users at that time since most TDD’s of the
era did not detect mark tones. This characteristic is no
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longer'true of modern electronic TDD'’s.
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Summary of the Invention
In accordance with the present invention, a

telecommunication device for the deaf is constructedukhidh
operates so as to observe two rules which constrain its
activity so as to permit interrupts and pseudo-duplex
activity. The two rules are that the terminal is not
permitted to transmit when it is receiving transmissions
from a device with which it is communicating. The second
rule is that the terminal creates a pause in the
communication line at periodic intervals of transmitted
characters and, during that pause, senses for
transmissions'by the remote terminal. The combination of
these two rules in the operation of a telecommunication
device permits the device both to be interrupted, and
permits pseudo-duplex communication between two
telecommunication devices for the deaf.

It is an object of the present invention to provide a
telecommunication device for the deaf which is capable of
providing an lnterrupt 31gnal from one user to another,
which is Stlll compatlble‘WLth and capable of
commmnlcat;ng'with exmstmng TDD devices previously
lnstalled'within the deaf commnnxty.

It is yet—another object of the present invention to

 prov1de a telecammunlcatlon devzce for the deaf which is

capable of prov1d1ng twoaway communlcat;on, or
pseudOwduplex communlcatlon,‘wh;le still being fully

.compatlble'w1th existlng telecommunlcatlon devxces for the

deaf already installed in the deaf community.

It is another object of the present lnventlon to
provide a telecommunzcatlon device of the deaf which is

'capable of providing interrupt and pseudo-duplex
ﬂ_capabllltles,'while also being capable of communicating

‘with an enhanced TDD protocol perm;ttxng faster speeds of
communlcatlon. '

It is an advantage of the present invention in that

'lt can be lmplemented totally in microcode, or firmware,
where changes to.exzstlng TDD designs so as to permit

costéeffectiVe'and convenient retrofitting of existing

TDD’s in the field so that the benefits of these enhanced
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-5
methods of TDD communication can be utilized by the
existing community of TDD users.

The pseudo-duplex and interrupt capabilities will
also result in a net savings of on-line time and telephone
costs as users can interrupt previously transmitted
communications. This results also in more natural
conversation~like communications. Also the interrupt
capability allows for handling emergency communications
more effectively.

Other objects, advantages, and features of the
present invention will become apparent from the following
specification when taken in conjunction with the
accompanying drawings. ’ |

Brief Description of the Drawings
Fig. 1 is a schematic diagram of a TDD hardware.

'Figﬂ,Z,illustrates-schematic details of the analog
circuit of Fig. 1.
Fig. 3'is a flow chart illustrating the method of
operation of a terminal.operatingin accordance with the
present invention.

ftiOn,of the Invention

:_Descrl
In accordance*wzth the present lnventlon, a

_telecommunlcation device for the deef has built into its

-functioning an enhanced set of protocols which enable it
to communicate'W1th conventlonal Baudot term;nals and also

" to be capable of handling an lnterrupt situation and also
'.handllng bi-dlrectional or pseudo~duplex, communication.
. The ability'to do both the interrupt and the
..bl-dlrectlonal communlcatlon arises from the terminal
’Tfollow1ng two relatively sxmple rules in its method of
'_operatlon.f The fLrst rvle is that the termlnal is

constralned not to present carrier or characters on the
communlcat;on llne*when the other terminal with which it
is communlcatlng is presentlng such characters. The
second rule is that the terminal is constrained to present

a pause, or null, on the communication line at

predetermined intervals, i.e. after the transmission of a
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,RAM.Ls utlllzed.as a holdlng place or stack for data

-
specific number of characters. The implementation of
these two rules in a telecommunications device enables
such devices to interrupt each other, and to communicate
in a pseudo-duplex fashion to each other. The
implementation of these rules does not prevent
communication between such an improved TDD and a
conventional TDD.

Shown in Figure 1 is a schematic block diagram of the
function of a typical TDD. In the TDD of Figure 1, the
user types on a keyboard indicated at 12 to input
characters into a microprocessor indicated at 14.
Characters which are received or transmitted by the
microprocessor are also displayed to the user on a visual
electronic display, indicated at 16. Characters may also
optionally be displayed by means of a hard copy printer,
indicated at 18, which some TDD’s include. Thus the
keyboard serves as the source of input data characters and
either or both of the display 16 and the printer 18 serve
as ultimate destinations for the data characters. The
microprocessor 14 is largely responsible for the
1mplementatlon.of the'varlous timing and decoding
functions of the TDD. The m;cr0processor has data and

address buses, jo;ntly Lndlcated at 20, which connect to a

readuonly memory'(ROM) 22 and a random access memory (RAM)
24. .Approprlate control lires 26 and 28 connect to the

tROM;22 and RAM:24 SO as to control the operation thereof.

The»ROMLxs lntended.to conta;n the program*whlch dictates

" the functlonal operatlon of the mlcroprocessor 14 The

caming into or out of the TDD. In some TDD'S, the

_m;croprocessor, the RAM and the ROM are all combined in a
"51ngle 1ntegrated czrcult,*whlle in others they are
'separate cxrcuxts.- '

As an addltlonal output, the:mlcroprocessor connects
through analog cmrcultry 30 to one of three separate

'outputs. The analog circuitry 30 is, most preferably, a
modem. One output of the analog circuitry 30 could be a

telephone direct connect circuitry 32 which connects the
modem directly by hardwiring into the telephone network.
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A second possible output from the analog circuitry is
through an acoustic output circuit 34 intended to audibly
connect through a speaker 38 to the microphone of a
telephone handset. At 36 is indicated acoustic input

5 circuitry connected to a microphone 40, which is intended

to audibly couple to the speaker in a telephone handset.
The acoustic output speaker and the acoustic input
microphone may be connected through a so-called “"acoustic
coupler” to a conventional telephone handset. In any TDD,

10  either the hardwired connection or the acoustic connection
18 provided, and sometimes both. It is also envisioned
that the telephone line need not be a physical link. A
TDD could be made to operate as a cordless phone or

through a cellular telephone system rather than through a
15 conventional telephone two-wire connection.
Shown in Fig. '2'is a simplified schematic of how the
input and outputs of the analog circuitry would work. For
data coming into the termlnal the audible input from a
microphone or telephone llne is translated into electronic
20  components and then presentod to an amplifier 42. The
' output of the amplifler is presented to two
' phase-lockedmlooPs 44, One of the phase locked-loops 44
is tuned to a frequency'of 1800 Hortz,'while the other
,phase«locked~loop 44 is tuned to a frequency of 1400
- 25 Hertz. 1800 Hertz and 1400 Hertz are the designated
carrier frequenc1es for standard Baudot communlcation. On
the output 81do of the czrcuxtry, output szgnals are
presented to a LPF {lOW‘paSS fllter) transmit wave shaping
: circuit 46. The output of that circuit, conslstlng of
30 ialtornate 1400 and 1800 Hertz signals, is presented to an
' 'ampllfler 48'which is hardwlred to the speaker oxr
 telophone line. . ' _
In normal BaudOt communloatlons with exlstlng TDD'’s,
_'each TDD communlcates at 45 5 baud in a simplex mode. In .
35 = some countrles, the protocol is the same but the speed is
- 50 baud. That is to say each TDD transmits a character on
the llne*whenever a key is pressed at the TDD. As a
result, in order to approximate the give-and-take of
normal conversation, TDD users generally have to indicate
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to the other user when the user that has the floor is
ending that particular communication. For example, it is
quite common convention in the United States to type the
letters "GA" as an abbreviation for "go ahead" at the end

5 of a text string to indicate to the other user that it is
his or her turn to type. This procedure is awkward and
not like normal conversation. Also, occasionally users
wish to interrupt and, regardless of the constraints of

their machine, do attempt to type keys into their machine
10  while receiving data. Such attempts to interrupt are

to even attempt truly simultaneous communication. The

15 meroved IDD described here is simply programmed not to
transmit data=when data is being recelved This concept
is directly opposite to the conventxonal operation of
TDD’s, but is effectxve 1L UtlllZEd as described here. It
is a relatmvely sxmple matter that, when the

20 fm;croprocassor senses that a key has been pressed during

- data receptlon and wh;ch is 1ntended to ultmmately

transmit a character to the remote statlon, for the
mlcroprocessor flrst to test'whether analog data is being
recelved If data lS belng recelved the‘mlcroprocessor

25  is constralned by the software not to lmmedlately output

the character onto the transmlt l;ne but, lnstead to

'store the approPrlate characterS'whlch have been entered
by the user 1nto the RAMZ Typed characters are also

‘stored ln a queue or stack.durlng'all times of data

‘30 reception.“ The user may‘contlnue to type, and the

echaracters are nntered by the keyboard ‘and are placed

'lnto the RAM, untll such tlme as communlcat;on from the
”,.“emote statzon hae ceased

When lt lS t;me'for the statlon in accordance with

35 the present 1nvent10n to transmlt, the improved TDD

'transmats characters either directly from its keyboard, or
'from_the buffer-composed of the RAM, out through the
 transmission line. The pseudo-duplex capable TDD of this

‘invention will, however, pause periodically during the
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transmit data stream. The device is programmed toO pause
after the transmission of a pre~determined number of
characters. The purpose of the pause is for the terminal
to test during the pause whether input data is being
received. In other words, the pause serves as an
interrupt window for the other communicating machine.
Since the device is constrained not to transmit when
receiving, if, during a pause, the other remote machine
begins transmitting the local terminal will cease
transmission. In this way, most of the situations in
which the two terminals would simultaneously transmit data
are avoided. It is still possible occasionally for
simultaneous data transmissions to occur, when both
stations simultaneously transmit data onto the line, but
these'situationS'will be quite rare.

The number of characterS'which are transmitted by the

"TDD in accordance wmth the present invention before a

pause 1is subject to some variation between two extremes.
At one extreme, it is poss;ble to present a pause on the

'.transmlssion line after the transmission of every single
.character..'Whlle thlS choxce mlnlmlzes the number of
_potential data collmszons on the telephone line, it also

slows down the transmuss;on‘when conducted at ordinary

 Baudot transmzssaon rates. Slnce Baudot operates

relatlvely slow in any event,.l.e. at 45.5 Baud, which
approx;mates 6 characters per second addlng an extra bit

“thme or'two to every character:mlght perceptlvely slow

down the transmasszon by the termlnal At its upper

illmit, lt lS clearly possmble to' impose such a pause every
'172 characters,.Sane the normal constraints of
7'conventlonal Baudot commun;catlon protocols require that a
' carr;age return and line feed be lmplemented every 72
'characters followed by a pause, originally imposed to
“allow for a‘mechanlcal TDD-systems'whlch must mechanically

return the prlntlng head. Thus there is an automatic
pause time tradltlonally included in Baudot/Weitbrecht
protocol at least every 72 characters within the data
stream, by.convention. In its preferred embodiment, 1t 1S
anticipated that the number of characters which will be
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transmitted in between pauses would be between 1 and 72,
and most preferably between 1 and 10. Actual empirical
testing of terminals on a number of communication lines is
necessary to determine which is the exact and optimum
number of characters to be transmitted between pauses.

The length of the pause after the packet of
characters should be sufficient so as to permit settling
of the communication line, a time period sufficient for
the other terminal to commence data transmission, and a
time period sufficient for the pausing station to sense
that data is being transmitted to it over the telephone
line. These times can be varied over a wide range
depending on the quality of the telephone network and the
timing conStrednts of the hardware in the TDD. The normal
bit time of conventional Baudot communication is
approximately 22 milliseconds. After ‘transmitting Baudot
tones, it can typlcally‘take some telephone lines some
time period for echoes, transxents, and other chatter
lntroduced on the line by previous communication signals
to fade. ‘In most modern telephone systems, a time period
of five to flfty*mllllseconds is needed to permit such

- settllng .A TDD in the accordance'WLth ‘the present

invention pauses for a tlme'perlod lelded into two
.portlons. The flrst portlon is a pause for a sufficient
time period, such as 10 milllseconds, to permit the

...telephone line to settle.' The second pause is for a
'.sufficient time period such as,hlo to 44 m;lllseconds,

‘Wthh is sufflclent tlme for the transmlttlng terminal to

flnltlate transmASSLOn and for the transm&ssmon t0 be

_sensed by the pauszng statlon. ‘An 1nterrupt~competent and
'f pseudomduplex TDD constructed in accordance with the

,.present lnventlonLW1ll therefore often have to buffer data

being tvped in by the user.: Durlng tlme periods in which
the user is typlng at the keyboard but the terminal is

'constralned fromltransmlttlng characters due to the
. 'recelpt of characters from the remote terminal, the data

characters be;ng entered by the user would be stored in
the random access memory in a stack or gueue. Then,

during the station’s next interval for transmission, it
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would transmit characters on a first-come first-serve
basis out of the queue onto the transmission line.

This system is capable of operating either in
conventional Baudot/Weitbrecht or in a newly designed
enhanced Baudot communication protocol. Nevertheless, it
is an advantage of the operation of this machine that it
is capable of operating also with conventional TDD'’s,
without any alteration to the conventional machines. If
the TDD of the present invention is communicating with an
otherwise conventional remote TDD, the remote terminal
could occasionally lose characters if keys are pressed
while it is receiving. The pseudo-duplex TDD will tend to
drop fewer characters since it cannot transmit when the
remote terminal is transmitting. In addition, any such
losses at the remote terminal are minimized, since the TDD
in accordance with the present invention creates a pause
at predetermined intervals, and when the first of those
intervals occurs, ‘the pseudo-duplex TDD will stop
transmattzng.' Thereafter, the pseudo-duplex TDD will be
able to reCaive'whatever information is being transmitted
by the station'with'which it is communicating. Clearly

the fewer the number of characters transmitted between

pauses, the fewer the number of characters which might be
lost. '

AS an,option,it:may-alsowbeappropriate’to include
an interrupt signal in the TDD of the present invention.

If such an 1nterrupt sxgn is implemented, the

mlcrOprocessor'would as usual, monitor the lnput line
during times it is not transm;ttxng data to test for

- signals. The TDD'would thus detect any data signal

recelved durzng the perlod;c pause, even if the terminal
Stlll had characters to transmit. The microprocessor
would then v13ually sxgnal to the user that an interrupt
1s belng 1n1t1ated by the remote station. The visual

~1nterrupt-SLgnal_could consist of the word "interrupt" on

the-display;.cou;d_consist of the display of a specially
designated character not in the normal Baudot character
sét, suchias.an~a3terisk or could consist of any
characteristic character, word or pattern designated for
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: this purpose. Another alternative is to split the display
j into two sets (input and received characters) and the user
j can be informed of the interrupt by noticing the split

: display. Then the user may cease typing on the keyboard,

é S to permit the transmission from the remote station to be

?; received by the terminal and displayed appropriately.

In the event that two interrupt~competent TDD’sS in
accordance with the present invention are communicating,
missing transmitted data becomes an extremely unlikely

10 event. In normal cormmunication, when either one of the
two terminals is tranSmitting, the other terminal 1is
constrained not to transmit. Then, since each station
when transmitting is constrained to stop after a certain
number of characters and present a pause, during that

15 pause the other station will gain control of the

' communication line. Then that station will transmit until
its turn to pause; For example, 1f the persons at
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stations A and B are both typing at the same time, one of
the two TDD’s at ‘each statlon‘W1ll lnitlally gain control

20 of the communlcatlon llna, and transmlt the predetermined

; number of characters. Aasume, for purposes of this

example, that the number of transmitted characters is
seven. Statzon4Auwould transmzt seven characters to

| Station B, and Statlon B would be constrained not to

25 - transmit durlng that interval ;At-the end of the

o transmasalon of the aeventh character, Station A would
'pausa and Statlon B*would 89126 control of the
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4 - '-communlcatlon llna ‘and then communicate seven characters

§ - ~ to Station A. ‘After that time period, Station B<would

§ . 30 ',pause,.and Station A would resume control of the

f . - Ccmmunlcatlon-lxnes.”:In-othar*wordsy each station would
%7:".  '\"separately transmit to the othar a burst of characters
L ' - dur1ng altarnate-t1m® perlods. In this way, it would
-j  ~appear to the users as if a full duplex communication were
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while the appearance to the users is of duplex, or
two-way, communication. ‘
Obviously, if a station is alternately both

transmitting and receiving data in groups of small numbers
of characters, some provision must be made to make the
display appropriate and readable to a user. At least two
options are possible. One option is simply to have the
user only see the information received from the foreign
station. The other, a more preferable option, is to split
the screen of the display on the terminal. This split can
be either vertical for‘onealine displays or horizontal if
there is a two line or larger display. One portion of the
split screen would be reserved for the characters being
transmitted by the terminal and other portion of the split
screen wauld display the characters being received from
the remocte terminal. Such split4$creen operation is
entirely'within'the capability of the microprocessor to
effectuate, the screen display being under software
control in any event._‘ ' '

' Shewn in Figure 3 is a flow-chart representatlon of
the'worklngs of the terminal of Flgures 1 and 2 operating
in accordancegwlth the.present invention. At step 50, the

'mictoprOCeseor monitore-the keyboard and the incoming
-telephone'line‘fOr"data; This step is performed in the
‘normal fashlon by'whlch TDD s perform these functions.

When a user presees a key the key selected by the user

"repreeents data which is accepted from the keyboard at

method step 52 . Most conventlonal prlor TDD's would

.lmmedlately transmnt the character to the telephone line.

Instead the paeudo~duplex TDD first checks to ensure that

- ,no data lS belng recelved on the telephone llne. If data

is belng recelved the program.branches and continues to

'recelve the 1nput deta and buffer the output data until

the lncom;ng character stream ceases. This step is

”1nd1cated at 55 Once the received data is stopped, the

program.may'proceed back through the step of detecting
'whether data is belng received at step 54. Once the

“situation arises where no data is being received, the

program then'prOCeeds to step 56 where 1t transmits N

. | ) . " ) . "/ . ; "'{ ' "' h }‘ "= " .I " .‘ "" : ‘Y n.“'g;r ala ’ "‘"J'_‘- ::.:~-‘ ,‘..'('.}‘;r"' : [-'r ;‘ "n"’."'o"‘ ‘.a.‘ “ ' « ",‘.'. ' .' 'l "5 g ' §
T L oo, . ’ LR . . . “..'.‘p oAy e L, . Lo '
' - r. LI . . - . “« - > . « . . - J “ q ? ] ‘-.1‘4‘ (™ L A A
X R T T D R LT R BN A S .- * e A A AR T Yl . % J( } (i * ‘ C”\ AR N PR B A1
T A 1Y L g I . R WO LR Pty PPy PR NT LAAAARAN Y SRS * 'L ﬁ M. ' r“ i’* 'Jf- 'J t, }' f " "' * 9’ 'ﬁ! A2 (" ’hl‘-ﬁ"“ﬁ P e A i et {'f ' RVH



D A T R . " T T | - - N, v -
—ds e ¥ . e e faT AW W ocm A - - el - - -

RPN P

-"w W ~ 8 'V
A e P e b, =R -l

- - N . = .
= cat A
::k‘. P, Wy

TN sy - R W, e AT
APRL I -.h-»?}—dh.ﬁ' PR N Vg NP S RN I

e . B - -. § -
e T W A W3 T e e
TR o N A L L e B ey W W W o el

et e

L A - S
}"‘\‘__‘l — b -

. e w LA I I T e - -k .t -, Y N N e bl e e '"adm g T w - .- -, WS
T.v..% T > ™ e e N ot v P P IR i Wy e = s - i A r et e o N W
-f...{:ma-\.:ﬁ?&:;.b.m.;wwh.n‘ﬁ_*. e, R G- P : A v tav =ty PR .

4 fw &= 7 Ehat

¢ am St
“ .Y Lar
Pl T

(v
.
alv L.

i - v
—r—d - AP =

R I T A ok N B i T A
e g P A a e, i ALY A

e NS T Wity AN

- *"R_2Y . . . @ a™ T e
Py S ae® Mo ca

e

W e e e N w T
A-’._-'-:'Qr‘}‘u_..-hﬁ:"* i ?

k) ==
A W

gt my TR s, S Ve
- ‘r -'_’.'N_. w 7'"

i lat e

LU w QAN AT P e o X AN A e
P o T e ) # T |
= ’:mi‘..g:...:'-.:;.&‘;::’:..ﬁ.t“.:
. - . v

. Wa . - Y ais
TR L i e P Rt

2 STC T PE AT Y
v P Nt

2 . ]
Vo B W4 fénﬁhL.Mﬁ

a"_‘ Tv_-‘.' o ' - < N

e AU S R W
LIS ‘Q‘ﬁ"\(_- O

e
. (e
AL S

JRYNL N .
e 2Ty
—e ddPe -

¢ R T
............
qqqqqqqq

WO 93/23946 o PCT/US93/04753 .,

10

15

20

25

30

35

2113839 .

characters of data from the keyboard. In this instance
the letter N represents the numbers of letters in the
character packet which is transmitted by the pseudo-duplex
TDD. As stated, the number N can be between 1 and 72 and
is preferably between 3 and 10. After the characters
packet has been transmitted, the program then determines
whether or not there are characters left to transmit. If
all the characters have been transmitted the program can
return to its monitoring state at step 50. If there are
more characters left to transmit, the TDD does not
immediately begin to transmit the new characters, but
instead imposes a pause at 58. During the pause at step
58, the remote TDD may start transmitting data. Thus, at
step 60 the TDD senses whether data is being received. At
step 60, the machine has paused during a data
transmission. Accordingly, if data is being received,

‘that represents an interrupt by the remote station.

Accordingly, the program proceeds at step 62 to provide an
interrupt signal to the user. Nevertheless the device

" 8till receives the data from the remote device and stores

the potential output characters, again at step 55, rather
than transmattlng characters onto the transmission line.
At step 60 if no data'was belng recelved the program can
branch back to step 56 and transmat characters again. The
result of all of these steps is the implementation of the

two rules dxscussed above.- Steps of Figure 3 result from
-follcwmng the two rules of sxmply*not tranam;ttlng*when
‘data is be;ng recexved and also pausing after the

transm;981on of every N character to perm;t the remote
statlon to ‘transmit., '

Thus,_the pseudo-duplex TDD termanal constructed in

-accordance*wlth the present 1nventlon is fully capable of

pseudo~duplex communlcatlon'WLth a compatlble TDD. At the

‘same time, the termlnal is capable of communication with
conventional TDD.s,'whlchqwould smmply ignore the brief
~ pause during the character transmission time. In

addition, the pseudo-duplex TDD is competent to handle
interruptions, so if the pseudo-duplex TDD is

communicating with a conventional TDD, and the



T T O B — R e L

[V N AR N

.;-’-g*&m\& L, e, AR Y Ta N v T A g eVt

- v g B - -
N P B

-~ LI 3 « W F T -
— - e - . & - w

“_< » ¥V - ¥ -rym . Y e
-k .-L.-h../in-\ibc—'ﬁ P oW T &

b
~ia, T

K A
F e S

Y . o T I RS O U I S B Rl -
.L‘ih“‘-f‘.'{& ATAE nl e e et v P e i 0 A NN s, .

Vgt S m e Ty e e
.xﬁ:‘;‘.‘;m.cm,ﬁw‘.‘._;_.wz

- P, WP WV
M o 3
e vt
— o -

-— v . A

FY N B AL ah e

L4 -’
g P PR oy

o - .;“. @ g N
i At

e o

.....

A Ry Y =
T M ol I ey v

4 & E YR
T M i " m

P U
.t'f.‘-«-hé—. wl,

e

L LI L R g - JER
- . v " . - r 1 ~,
-&.,:' - .:, .,.':..- v ~—} - - - 0- '-'-'bu

* R il
r‘i‘?"-;wi

WA 93/23946 2113 339 PCT/US93/04753

10

15

20

25

20

-15-
conventional TDD begins to transmit, there may be a brief
loss of a few characters, but then during the appropriate
transmission pause, the pseudo-~duplex TDD will recognize
that a transmission is being received, and inhibit further
character transmissions until the next pause. Thusg the
device is compatible with existing TDD'’s in the
communication network, and does not require any
modifications or changes in operation to existing TDD’s in
order to be compatible with this new device. Users do not
have to alter their habits to use the improved TDD vet
will appreciate the advantages it offers. |
It is a further advantage of the present invention in

that it can be implemented and upgraded to existing TDD's
by software upgrade. As may be seen in .Fig. 1, the
hardware portions of the circuit have to do with the
analog input and output. The detail transmission behavior
of the device, including the timing of transmitted data
bits, and the translation of characters into Baudot code,
are all handled under software control by the program for
the:microprocessor:containedin the ROM. Thus, to

. retrofit old TDDfs‘with the pseudoeduplex capability, all

that needs'to'ba replaCed'is the ROM in the older TDD.

With a replacement of a sxngle integrated circuit, the
~ older conventlonal TDD can be given the capability of

handlxng an 1nterrupt and acquire the psaudo-duplex
capablllty descrxbed Ln the present invention.
It is understood that the present invention is not

1im1tedbto the particular embodiments Lllustrated herein,
but embraces ‘such modified forms thereof as come Wlthln
the scoPe of the following claims. '
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1. A telecommunication device for the deaf for

5 communication over an analog telephone line, the device
; comprising -
; 5 a source o0f input data characters to be transmitted:
' a destination for received data characters;

a microprocessor connected to accept input data
characters from the input source and to deliver data
characters to the destination:

10 an analog input circuit adapted to being connected to
the telephone line so as to be responsive to the reception
of Baudot tones over the telephone line and also connected

| to the microprocessor so as to provide a digital input to

' the microprocessor of the data received over the telephone

15 line; ' '
an analdg output line adapted to being connected to
the telephone line so as to be capable of presenting
Baudot tenes.over the telephone line and also connected to
receive data fromlthe mlcroprocessor and transmit Baudot

- 20 tones encoding such data over the telephone line; and

. a memory*device connected to the microprocessor
contalnlng the program.code for Operatlon of the

m&croProcessor to control operatlon of the

,telecommunlcatlons devxce to generally (1) receive data
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' . fromhthe anut source on the analog output line, (iii)
’,recelve 1nput data frem the analog input line and (iv)
.dellver data recelved on the input analog line to the
f dest1nat1on' the program,code further constralnlng the
,30 ,mlcroprocessor to.ope;ate.;n.accordance*thh the following
' rules: (i)'if BaudOt tones are being received on the
input circuit, to not present output Baudot tones on the
  telephone l;ne through the analog output line; and (ii)
dur;ng.transm1351on,.toepause after a preselected number
35  of data charactefs tranemitted and to test during that
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A telecommunication device for the deaf as

periods, the first time period being of sufficient length
for the telephone line to settle and the second time
period being of sufficient length so that a remote

telecommunications device could begin transmission and the
transmission could be detected.

4. A telecommunication device for the deaf as
claimed in claim;B wherein the pause is for a time period

' Of between five niilliseconds and two geconds, with a first

portion of the pause between a delay for the telephone

line to settle and a second portion of the pause being the
time period of testlng for the receipt of transmissions.

5. A telecommunlcatlon device for the deaf as

claimed in Clazm.é'whereln the pause is between ten and
two hundred mllllseconds.

6. A telécdmmunication device for the deaf as

claimed in claim;l'whereln the preselected number of data
characters is between one and seventy-—twoo

7. A telecqmmunlcatlon device for the deaf as

claLmed in clalm;l whereln the preselected number of data
characters is between one and ten.

8. A telecommunication device for the deaf as

“claimed in claim.lwhereinthe input source is a manually
operable keyboard.

. A telecommunication device for the deaf as

claimed in Claim 1 wherein the destination 1s a visually
readable display.
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for the deaf including a keyboard, a display, a
microprocessor connected to receive data from the keyboard

5 and present data to the display, input and output analog
circuits to connect the microprocessor to a telephone
line, and a memory circuit to comprising the steps of

(2) receiving from the keyboard data from a user:
) (b) transmitting the data received from the user
10

number of characters and testing for the presence of input
15 data on the telephone line: and

(d) displaying on the display both the input and the
output data.

11. A.method as claimed in claim 10 wherein in step
20 (¢c), the pause 1ncludes two time periods, the first time
perlod belng of sufflclent length for the telephone line
to settle and the second time per;od being of sufficient
length.so that a remote telecommunlcatlons device can
begin transm;SSLOn and the transmlsszon can be detected.

25 o
112;. A.method as clalmed in clalm_lo wherein in step
(c), the pause is for a tlme perlod of between five and
flfty'malllseconds. '
30 - 13. A.method as clalmed in claim 10 further

.'campr181ng the step of visually smgnalllng the user if
_data is recelved durlng the pause of step (c).
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l4. B telecommunication device for the deaf
comprising

o 3

a source of input data characters to be transmitted;

a destination for received data characters:

a4 microprocessor connected to accept input data
characters from the input source and to deliver data
characters to the destination:

an analog input circuit adapted to being connected to

a telephone line so as to be responsive to the reception
of Baudot tones over the telephone line and also connected
to the microprocessor so as to provide a digital input to

Baudot tones over the telephone llne and also connected to
receive data from.the:macrOProcessor and transmit Baudot
tones encoding such data over the telephone line; and

a;memory device connected to thelm;crOProcessor
contaln;ng the program code for operation of the
emlcrOProcessor to control operation of the
telecommunlcations devace to generally'(l) receive data
entered from the input source, (11) present entered data
from.the ;nput source on the analog output line, (1ii)
recelve input data from.the analog lnput line and (1iv)
dellver data from.the analog lHPUt circuit to the

destxnatlon, the program code further constraln;ng the

-,m;croproceseor to not present output Baudot tones on the
'telephone line through the analog output line whenever

~input Baudot tones are belng received on the input analog
line. I '

Eaad

15. A telecommunlcatlon device for the deaf as
claxmed in cla1m.14'where1n the input source is a

keyboard

-16. A.telecommunication device for the deaf as

‘claimed in claim 14 wherein the destination is a visually
readable display.
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17. A telecommunication device for the deaf
comprising

a source of input characters to be transmitted;

5 a destination for received characters;:

a microprocessor connected to accept input data
characters from the input source and to deliver received
data characters to the destination;

an analog input circuit adapted to being connected to

10 a telephone line so as to be responsive to the reception
of Baudot tones over the telephone line and also connected
to the microprocessor so as to provide a digital input to
the microprocessor of the data received over the telephone
line;

15 an analog output line adapted to being connected to
the telephone line so as to be capable of presenting
Baudot tonés.over the telephone line and also connected to
receive data'from.the microprocessor and transmit Baudot
tones encoding such data over the telephone line; and

20 ' a'memory device connected to the microprocessor
contalnlng the program;code for operatxon of the
mlcroprocessor to control operatlon of the
telecommunlcatlons dev;ce to generally (1) receive data
entered from the 1nput source, (ii)'present entered data

25 from.the input source on the analog output line, (iii)

. recelve data from.the analog input line, and (iv) deliver
rocexved data from.the input analog line and deliver the
'recexved data to the dest;natlon, the program code further
constra;nlng, durlng transmASSLOn, to pause after a

30 ."preselected number of data characters transmitted and to

'  ,test durlng that pause for the receipt of transmissions
_over the analog anut circuit.

' 18' A,telecommunlcatlon device for the deaf as
35  . olalmed in clalm;17 wherein the input source is a
' "-keyboard.
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19. A telecommunication device for the deaf as

claimed in claim 17 wherein the destination is a visually
readable display.

20. A telecommunication device for the deaf
comprising

a keyboard;

@ visually readable display;

a microprocessor connected to accept input data

- characters from the keyboard and to present data.
characters on the display;

an analog lnput circuit adapted to being connected to
a telephone line so as to be responsive to the- reception

of Baudot tones over the telephone line and also connected
to the;mmcrOProceseor SO0 as to provide a digital input to
the microprocessor of the data received over the telephone
line; . . - o miats .

an anaIOg-OUtput line'adapted“to being connected to
the telephone line so as to be capable of presenting
Baudot tonos over the telephone line and also connected to
receive data from.the m;croproceasor and transmit Baudot
tones encodlng such data over the telephone line; and

a:memory devmce connected to the:mecroProceesor

contalning the program.code for operatlon of the
mlcroprocessor to control operatlon of the

'telecommunicatlons dev1ce to generally'(;) receive data

“-_entered from.the keyboard, (11) present entered data from

.the keyboard on the analog output line, (iii) receive .

lnput data from.the analog input l;ne and (lV) display

data from.both the keyboard and the anut analog line on

7  'the dzsplay; the program code further constraining the

35

. m¢croproceseor to 0perate in accordance'W1th the following
;. rules° (1) if Baudot tones are belng recelved on the
 1nput circult, to not present output Baudot tones on the
telephone line through the analog output line; and (ii)
 dur1ng transm1331on, to pause after a preselected number
 of data characters transmltted and to test during that

pause for the recelpt of transmissions over the analog

input clrcult,‘the.mlcr0processor also programmed to
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present on the visually readable display both the
characters being transmitted and the characters being.
received in separate portions of the display.

5 21. A telecommunication device for the deaf
comprising
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a microprocessor connected to accept input data
10 characters from the keyboard and to present data.
characters on the display;
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an analog input circuit adapted to being connected to
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-

- a telephone line so as to be responsive to the reception
of Baudot tones over the telephone line and also connected

g | 15 to the microprocessor so as to provide a digital input to
% the microprocessor of the data received over the telephone
‘. line; ' N

an analog output line adapted to being connected to

O the telephone line SO as to be capable of presenting

20 Baudot tones over the telephone line and also connected to

- receive data from.the.mlcroprocessor and transmit Baudot
tones encodlng suoh data over the telephone line; and

-a:memory'dev1ce-connected to the:m;croprocessor

containing the program.oode for operatlon cf the

25  microprocessor to control operatz.on of the

' «'toleoommunlcations devmce to generally'(l) receive data
‘entered from.the keyboard, (li) present entered data from
the keyboard on the analog output line, (iii) receive

: - input data from the analog anut line and (1v) dlsplay

: 30 data from.both the keyboard and the input analog line on

R ~ the dlsplay; the program.code further constraining the

m;croprocessor to operate ln accordance with the following
rules* (1) if Baudot tones are belng received on the input

-
%

"‘;_'?'“‘ ‘..'-.;w“‘ LA - %

circuit, to not present output ‘Baudot tones on the
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the receipt of transmissions over the analog input

circuit; and (iii) to provide a visual output to the user
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X
indicating interrupt when data is received during the time
period of a pause.

22. A telecommunication device for the deafmgs
5 claimed in claim 21 wherein the visual indication 1is the

presentation of the word "Interrupt" on the display.

23. A telecommunication device for the deaf as
claimed in claim 21 wherein the visual indication is the
10 presentation of a symbol not in the conventional Baudot

character set on the display.



o f 4 + u’". ‘.°-0..-: ! ;'n:' ’ e s "jls v‘"(; . «‘; R A T .
’ Y J . . l LR T B gt LI . . *
P B R L A : .J,.& A'a- ~ ".--

',. f)--' -tﬁ.f.ul.. ""g LT
- e wtpte s gty RN P L 9 W F o
- i 4 &.v P e Lt . ' .-y---'. '
y ! p ol . [ 2 4 I ,’,. g

. . : : 4&3'” el ‘)“V" o :F"s(-')‘v",-':} ‘7')',’-‘;' s ‘..‘,J-’ |
. - . . ' . ' - ¢ e ’ - "" - ’ ' . ..i ":: !8‘01 ‘f-“. A ’ (‘I‘ '/.' ! ‘ “ ‘ AL L tr '
Yy ‘ s sy e . T . - . < . . ) P “'.rllll“1 L -'.‘l!" '*"0‘!1’(”1"!*0”" v 'tl-r" .-.-'|«~ ;
., ) ‘ r ' ) ) ) ) . ' - 1.-‘."‘. ; . . s e bl o0y L, f.-; :.’}o LA A0 BN N L S I “ Wogtery Mg {;1 r,..;.v,.r,,'....' .
. - . £, . , . o . - et oL e . “‘.. -';;'.‘- ..‘ :';',\;‘(hb.~ u.;é: . )‘]"’:"J""“-" ¢r .’..,. 2% 0 'y R B T ,\'-o,l- -‘- ..‘;..w,,,. : : ] .«
. ) ! . - . , . . . " . . ' . g ' ' . <P 4ur - . ’ '

; rr e ¥ : ' e e - . ' I PRI UL T A e R A S e ey iy ‘.“" 4 {-.”'.'"’ poaLy v f" &y ’}"F:' ‘v 'J 4‘!' .:-" v ‘}’t'»4"- SN R "»9 : : ’Jf i ¥ e -‘.‘u,-':f"».: Y

"v;. .’.'. . ' , ‘ .. ‘ . 5 .'.’1; ."."', .‘”'3a 4 ", JP R . . ) ) S M . ' '..’,’ ’,..A.k‘“.“. ,;. "’ ‘..”l-;))"-"_“l"r"o;*7‘;‘sb...n,f',,,n ~ N ..-.u.-j.' "in"""" vy - .Jgtr SRR SN _‘3 .m0 «.e ’. r“,- gJ.,;,.- ‘.0,“- DR ARV O REEI J '

‘e . 5w . e . "I BRI ¥ ot Ty MY . T ‘

. . . e ' ' . ) - . . - . o= - 0 ' fo 8, efa = ' 'r g 40, fj'l’“ v x4 O e '™ ;' " v 4 N oM N T N T IR
L~ h ) . , i ) ) e . . . ' » a . » .. . P im . , ‘ " } LN ' - 1 A A s v z 1 9 r J ’ ot A {‘ a)s.u')lll. 3 i -
. . . s . . . * : ’ ’ Y ’ - '
1

o | 113833 pipusovmanss

LW W e,

-»

POV Y

-~ .

-

-

) !

-

-
PETRRPEELPE P JEPN
]

- -

- N

- - ™ me s
- e A, m wm wm

-

- v =5 .
. W oam =t

-y

-
ey, S e, e e -

ACOUSTIC 36
INPUT CIRCUITRY

" -
-

Y

-
~ .

- T g - W W N <& _ = - T P -l -
[ S » v
oi% "_,'. “en Pamias .-'.-‘a-n-\- T R, .

-

&
.
7
od
3
<

&
—_
=) =
£ Ol
5 &
OO

o

ANALOG
CIRCUITRY

- & -t
. 1S

-.--
N

S e

T-
3
-

e g W
«a v
-

™

A

et

ol
-

£ = A e N
ot? i
*

L*i ~‘

e ol

L
Tl d o et

-

-

,_

- .

- e -
-

-
.
4

Mo iatad ool aiu »wg,

i o

A

4.,
. &

Nl
P 0

v
L
-

TELEPHONE
DIRECT DIAL
CIRCUITRY

i

»
v
>
v
v
>
,
fo

0
HO

- .

v &
4
hoah . |

-
.,

o3

-
PV

EF AJ
'Y
W

4

oy,
<arwr SR, . uh
.~

"-.
i
C -
o

PEPE P P
' _J e o

2287

it
&

<, o
-

.

- Y
*.7

t
;ﬁ.
4,
$ ¥
<y !
'ﬁ-
»

-1
Y
%
Ilii
1

(3 4

-

-
wr oA B

“a

g et
‘w’.&
LS =

ey i

. PR

l"}p £

v



' . T N LI I BEC BLL Y | ' S e, L T S L N BRI ICY B S AL L L D A L SR L AP SRS Al IR L R L & b UL L AR B TECTS AT BRI S R I R T BN AU T C2 R I RPN PRI B B JERRRE . S
) ' ‘ L . . ' WL 9 ‘J’:"{ A, . ’." ) ] "' i " '.' . . ] r" . : -o"“‘ L " "'"'. ' . ! :’.' - 1" ",".' R :bt.#.u'l"""‘,-'} p “f. "‘qc ‘1“0. . ."*‘ 'f Fraya .'l.l- :'.’,'...t'.‘k"‘..'}' o '.'j_"l R I I O PR 1 " et " oL . e .
d
. 0 ¢ 5 - 5 . ® > . . e, - -
' N ' r - ' . r . ,7 .- ‘ ' . - , 4

5 ' " 1800 Hz to uP '
RECEIVED ' _ — —
DATAFROM — T —
TELEPHONE ‘
| | 1400 Hz to pP .

1 TRANSMIT |
- DATAFROM uP |

- TRANSMIT

' . i .
- . ) l
. ' LT T . « "+ rqt b w .. B4
4 = : L T ¢ ‘e ' . . ' V- - - -
| : ~ . - ¥
' B - . . .
o - - . .
) .
.
" ) .
. '
. .
L4 . . : - .
. Y . '
-
./ |
, -
'
| .
'
.
.
'
. '
'
-
'
. .
\ ' '
) -
R . SFCIEE A, T «® e . . Sa e 0. ® . .. ] o ChS - o MR . s e L' g . . . . . "
s ' ' 2 . o . eplex e e . D i . . el ' . - e
%
. '
) .
'
'
'
'
. 4
'
'
'
. .
]
. . '
' '
'
'
. '
'
. '
.
, -
, '
) '
'
.
- . .
. .
, .
'
L4 .
, .
-~ - ) )
. '
'
'
'
'
'
'
) '
. ‘ - .
'
i '
'
'
' . '
'
.
oud '
) .
3 -
.
'
'
. -
.
'
-
»
‘ '
' ' . ! . ( ' N
< ' ! 1 o . |
. ¥ J * ‘ l
L - )
.
'
'
. '
. .
.
4 . .
'
.~ . . .
- ' ' ’
- . . )
.
- e '
.
'
. . ‘
'
'
.
'
\ L =
’
' '
. -
'
'
'
. r ' )
. - .
. .
. " ’
, '
'
+
-
'
' -
"
'
'
P
'
.
- .
P
. '
' . N



W7 93/23946

Pl

-

|
KEYBOARD AND
RECEIVE DATA
FROM KEYBOARD ‘
 ISDAT '
BEING —
RECEIVED 7
CHARACTERS OF DATA| |
~ CHARACTERS ;
~ TRANSMIT ? ,
~" ISDATA 5
 BEING

[ I VISR " T I ] 4 ¢ | A' w b .3 € "7« "t
a/f M PR P orra 9 . @ e v - sf . 1 #4¢ Py P
DLIPEEY . P e b~ " ‘ ‘ '-1 e f HEEL B § LI -,

- 1t~ ’ P TR . .. 4 ¢ « * a .\ 4 * ') ¢ "4 L ' .,o' ! " ’ - ¢ - - > ¢

LR A e 1 A . TR T T N TR S T J (“f S at rm b

o e e R - IR doe ‘ # Mo poetr 4t e 'y e o,

S PYTIPETEE W RESUE ERE BERE LR B A AN | f 7 g & ¢ cp o WE s e 1.

PCT/US93/04753

RECEIVE INPUT
DATA AND STORE

OUTPUT DATA

L i e g, . P N AR h

4
.
4
.
.
.
’
.
'
/
Y . ee Vgt ,..'- "'.-..l-". ™ -

"SIGNAL
INTERRUPT TO

.
.
r
'
I
'
4

-

'
.
'

. r

* Y @, . = - T a“ .



| ANALOG 30
| CIRCUITRY

| AcousTiIcC 36 |
| INPUT CIRCUITRY |

| ACOUSTIC 34 |
| OUTPUT f
| CIRCUITRY

/| \—38 (0)— 40

 TELEPHONE a2 |
| DIRECT DIAL :
 cRcurRY |




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - abstract drawing

