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TELECOMMUNICATION DEVICE OPERATING

UNDER AN ENHANCED TDD PROTOCOL
Field of the Invention
The present invention relates to the general field of

15 telecommunication devices for the deaf (TDDs), and in

20

25

particular, relates to a telecommunication device which

operates under a neW'enhanced TDD protocol

Background of the Inventlon

PersonS*who are deaf or hearing empaxred enough not

to be able to use the telephone commonlyﬂmake use of
.:communlcatlon termlnels epeciflcelly'constructed and
~ designed to enable euch pereons to converse over telephone
   11nes.. Such devices are ‘referred to as telecommunlcatlon
 devLce8 for'the deaf or TDDs.f Typlcally} TDDs 1nclude a
‘ koyboard andka dleplay'connected to the telephone through

;f;: a:modeml(moduletor/demodulator) The'medemtle bullt 1nto
'I.theTDD and elther directly'connected to a telephone line

30

~or coupled by'en acoustic coupler to a normal telephone
“handset. TDDa are noxmally capable of transmltting |
B znformatlon.over telephone lines by'meane of ‘coded tones
. to other TDDs connected at the oppoeite end of the '
3 telephone lxne through another modemm ' o

The code and protocol'whlch is 1n'wmdespread

R -   convent1ona1 use for TDD communlcatlon 'is an ldlosyncretxc
‘? °¥ 35 % ,one. The code set, known as Baudot,.and the communlcatlon

 fprotocol, referred to here as Baudot/W@ztbrecht, evolved

hlstorlcally at a tlme‘when many'telecommun;catlon devices
for the deaf were baeed on mechanical or electromechan;cal

devices rather than current electronic devices.
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Accordingly, the protocol was constructed for a set of
constraints which no longer are relevant to present day
devices. As it happens, those constraints worked to
create a code protocol, and a telecommunication network of
users and devices operating under that protocol, which is
now perceived to have certain deficiencies.

One deficiency is simply speed. Conventional
Baudot/Weitbrecht communication is conducted at 45.5 baud
(or in some countries 50 baud) The normal Baudot
character set consists of 5 bit characters. Under
conventional Baudot/Weitbrecht communication, there is a
start bit (one space or 0 blt), a 5 bit character, and at

least 1 1/2 stop bits (a mark or a 1 bit). The result is

that operating under the protocol it is possible to
transmit only 6 characters per second. As it happens,
many adept typlsts among TDD communlcators are readily
able to type at rates signiflcantly in excess of 6

_ characters pexr second. While:modern microprocessor-based

TDDs are-capable of buffer;ng such adept typists, the
result is that the transfer of communication from one TDD

terminal to another can, at times; be significantly

delayed behind a fast typlst._ ThlS has been a source of

ffrustration to users in the TDD communlty for some time.

-.Another difficulty‘WLth conventlonal TDDs operating

.under Baudot/Weitbrecht protccols has to do with the fact
 that communication is deflned to be sxmplex, meaning that

only'one statlon is capable of commmnlcating at any one

. time. Since hoth transmlttlng and receiving stations

utilize the same signals (1400 hertz for a mark and 1800

~hertz for a space) on the telephone line, both statiomns
_"'cannot send data at the same tlme and also receive data.
'  There is no prov181on for av01d1ng such collisions in the
  convent;onal Baudot/Weitbrecht protocol. Instead, prior
';imachlnes are sxmplytde81gned to prioritize data sending.
 The dev1ceS‘w111 transmlt a character if a key is pressed,
'q; and Lf the devxce is sendlng, no attempt 1s made to

recelve data

Nevertheless,.there is a large installed base of TDDs

in use 1n-many,parts of the world, including the United
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States. If a new protocol is intended to be implemented
within the existing network of TDD users, it
advantageously should be compatible with the network of
existing TDDs and TDD-compatible devices. 1In other'words,
even if a terminal is capable of operating with an
enhanced TDD protocol permitting pseudo-duplex capability
and higher speed, a terminal must also be capable of
communicating with conventional Baudot/Weitbrecht TDD
terminals which have neither of those capabilities.

Finally, any protocol intended for use principally
with TDD networks'should advantageously be designed for
conversationnlike_communication between people. Some
communication protocols, notably'the American Standard
Code for Information Interchange (ASCII), are specifically
intended and designed'to permit communications between

~automated devrces, such as computers. However, in

consxderlng optlmum.protocols for TDD communications, a
different set of constralnts lS approprlate. It is also
hrghly desrrable that all code selection be automatic,

i.e., that the user not be requrred to set any
communrcatron protocols 1n order to communicate with

another srmllarly'equrpped user. If a device is capable

'of 0perat1ng at an enhanced rate of speed, or with an

' enhanced character set, 1t should swrtch into such
:operatron w1thout need for actlon or instructions by the

' ~user. ‘To the extent the enhanced TDD protocol is capable
 of:making the'user s interactron*wlth another user:more
 akin to normal human conversatron, the'more the device

'will be appreciated and utlllzed in the fleld Also,
srnce there are a large number of TDDB in use in the
communrty, to the extent that a system.for enhancing

- communzcatron capabrlity can be desrgned'which can be

retrofit lnto exlstrng TDDs, thls<wrll facrl;tate the

'lntroductron and avallablllty of thrs technclogy*to a more

wlde spread audlence._"



WO 93/23947 PCT/US93/04760 .

2113849
—lfw
summary of the Invention

The present invention is summarized in that a
telecommunication device for the deaf is constructed which
is capable of operating an enhanced TDD protocol, the

5 terminal commencing operation at the initiation of -
communication sequence by first transmitting to the remote
terminal a synchronization sequence which was designed to
be invisible under conventional Baudot protocols vet, if
recognized by the receiving machine, will result in a

10 handshake so that both machines can switch to the enhanced
TDD protocol, thereby facilitating communications between
the two terminals, or, if not so recognized, communication
in a standard TDD protocol.

It is an object of the present invention to define an

15 entirely new and enhanced set of protocols for TDD
communications so as to greatly facilitate communications
for the deaf and'the'hearing impaired and to make their
'communlcatlons more analogous to audible human
conversatlone. ' .

20 It is another object of the present invention to

’ deflne an enhanced TDD and protocol for its use'whrch
makes llttl@ oxr no hardware changes to present TDDs, and
this makes it possrble to easrly re-fit existing TDDs to
the neW'enhanced protocol

25 It is an object of the present invention to design

enhanced protocol for TDD operatlons whmch is efficient,
swift,'and rmplemented.ln such a‘way SO as toimaxlmlze its
abllltY’tO be retrofit 1nto exlstlng TDDs.
. It is a further object of the present lnvention to
30  enable TDDe operating under the enhanced TDD protocol to
- be able to support pseudo-duplex communication, so that
~ both users can type srmultaneously'to the other, while
data is transmatted wlthout_ross of characters by either

statlon .

tru',35 It is yet another objeot of the present invention to-.-

 enable TDD communications to be conducted at higher speed,

thereby permitting telephone charges to be lessened.
Other objects, advantages, and features of the

present invention will become apparent from the following



2113840

WO 03/23947 ' B PCT/US93/04760

10

15

2
'S

-’
specification when taken in conjunction with the
accompanying drawings.

Brief Description of the Drawings

Fig. 1 is a schematic diagram of a TDD hardware
design.

Fig. 2 illustrates schematic details of the analog
circuit of Fig. 1.

Fig. 3 illustrates a timing diagram of the

synchronization pulse utilized in the present invention.

Descrigtion of the Invention

The present invention envisions nothing less than an
entirely new protocol for >mmunication between
telecommunication devices ..r the deaf. Such devices have
0perated for'many years.0n~a protocol, referred to herein
as standard.Baudot, or‘Baudot/Weitbrecht,fwhose
idiosyncrasies can only be explained by historical
evolution. What is envisioned here is a eubstantially new
and enhanced.protocol for communlcation for. TDDs, that
form.being referred,to here as the enhanced TDD protocol.

gAS‘w1ll be seen, a proPerly constructed TDD capable of
 enhanced TDD communxcat;on offers sxgnmfzcant advantages

for communlcatlng*wlth other sxmllarly equlpped TDDs .
Neverthelese, a. properly d931gned enhanced TDD device will

‘also be fully'capable of communlcating'w1th prior
;conventional TDDs usxng standard Baudotlweltbrecht
.communxcation protocols,i.' ’

It is a feature of the enhanced TDD communication
protocol descrlbed hereln that pseudo-duplex communication

is possxble. ‘Using such ‘pseudo-duplex techniques,
'7 commnnicat1ng TDD terminals can,_at leaet as perceived by
-the human usexe, transm;t data to each other
; smmmltaneously”wlthout loss of characters._ In fact, what

happens at the machlne level lS that each devxce -buffers .-

~the data recelved from.lts user, and the two devices
'txme-share transm1331on over the telephone line connecting
the two devices. In essence, each device in the
’communlcatxon llnk transmlts a few characters, then pauses
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while the other station transmits a few characters in
return. The system of pseudo~-duplex communication is

telephone communication line after a pre-~selected number
of characters have been transmitted. The pause is.
presented for the purpose of allowing the other station to
transmit. Aas long as both stations obey these two rules,
each will take its turn transmmttlng the pre-defined
number of characters, after which the other station will

gain control of the line and transmit its string of
characters in return. Given the speed of enhanced TDD
protocnl, as described below, this communication link will
appear to the users as simultaneous, even though the
machines are actually timemsharing transmission and
control of the communication link.

- Note that the first'of these rules represents a
complete reversal of the protocol of operating
conventional TDDs. Aall prlor TDDs have prioritized

transmission over receptlon. If a key was pressed, the
TDD transmltted the character over the line and, since

transmission would make receptlon difficult or impossible,
no attempt at data reception ls.made during transmission.
The enhanced TDD device reverses this priority by
constrainlng the device not to transmdt‘while data is

being received. .
' In order to understand the'functioning of the method

.of 0peratron of the TDD of the present invention, it is

necessary to rever'the Structure of a typical TDD. Shown
in Figure 1 is a schematic block diagram of the cxrcultry-'

;of a typical TDD, either a standard or enhanced TDD

operating 1n-accordance with the present invention. 1In
the TDD of Figure 1, a keyboard 12 is provided onto which

" the user may input data characters. The output of the
keyboard 12 is connected to a microprocessor 14, which
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serves to control the remaining circuit elements contained
within Figure 1. Characters which are received, or
transmitted, by the microprocessor are also displayed to
the user on a visual display 16. Optionally, the same
characters received or transmitted can be printed by a
hard copy printer, indicated at 18. Some TDDs may not
have a printer, though all will have a visually readable
display of some kind, so that the user can see the
characters being typed and received. The keyboard 12 thus
functions as an input source of data characters to the
microprocessor 14 while either or both of the display 16
and the printer 18 serve as local destinations for the
data stream of characters. Themicroprocessbr 14 is
connected by a suitable data and address bus 20, of the
sort well known to those of ordinary skill in the art,
which connects to a read only memory (ROM) 22 and a random
access memory (RAM) 24. Appropriate control lines 26 and

28 are connected from the microprocessor 14 to the ROM 22

and the RAM 24, so as to control the operation thereof
The ROM 22 is intended to permanently house, in
non-volatile storage the program which dictates the
operation of: thewmicroprocessor 14. The RAM 24 is
utilized as the.buffer, the floating storage place for
data coming*into,or,out'of-the device. Rather than being
on separate integrated circuits, if desired the
microprocessor 14 and the ROM 22 and RAM 24 may all be
combinedfin'a.Single'integrated-Circuit.

.As‘an'additiOnal output,'the microprocessor 14 is

connected through analog circuitry to three separate

interfaces. One output of the analog cmrcultry'BO*whlch
is prsible.ls-a.telephcne direct connect circuit 32,

7whichis.intended to.directly connect by hardwiring the

analog circuit 30 to a telephone line. This is the
hard-wire oPtion for wiring a TDD through its analog
circuitry (a modem) into a telephone line. The other two
outputs'fromgthe'analog circuitry 30 are intended to

'operate-jointly. " One of these outputs in the analog
circuitry is aﬁ acoustic output circuit 34, which drives a

speaker 38 intended to transmit to a microphone in a
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telephone handset. Similarly, an acoustic input circuit
36 receives signal from a microphone 40 which is intended
to sense sound from a speaker in a telephone handset. The
acoustic output and receiver devices are commonly referred
5 to as "acoustic couplers," and are intended to pass along
analog signals from an electronic instrument into a
conventional telephone handset, and then through the

telephone line.
Shown in Fig. 2 is a simplified schematic of one

10 implementation of the input and outputs of the analog
circuitry. For data coming into the terminal, the audible
input from a microphone or telephone is translated into
electronic compdnents and then presented to an amplifier
42. The output of the amplifier is presented to two

15 phase-locked loops 44. One of the phase-locked loops 44
is tuned to a frequency of 1800 Hertz, while the other
phase-locked loop 44 is tuned to a frequency of 1400
Hertz. 1800 Hertz and 1400 Hertz are the designated

. carrier frequencies for'standard Baudot communication. On

20 the output side of the czrcuitry, output signals are

' presented to a LPF (low‘pass fllter) transmlt*wave shaping
circuit 46 The output of that cmrcult, consistlng of
alternate 1400 and 1800 Hertz SLQnals, is presented to an

. ampllfler 48 wh;ch is hardwmred to the speaker or

25 telephone llne.. ' |

o In essence, devxces desxgned generally similar to
. Flgure 1l are sold by several companies at present. The
merovements descrlbed b&lOW”Wlll be principally to the

o :method of operatlon of such a terminal, as controlled by

- 30 the code which operates therm;croprocessor 14. In other

” ~words, the enhanced TDD texmlnal'w1ll have hardware

largely'SLmllar to that of a conventlonal Baudot TDD, but

f'will operate in a different<manner both in its timing and
code utilization.

35 .j The enhanced TDD device operating in accordance with

the present invention is capable of operating at normal
- 45.5 Baud (or 50 baud) when communicating with a
~conventional TDD. However, the enhanced TDD protocol TDD

is also capable of operating in a second protocol,
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referred to here as enhanced TDD. The enhanced TDD
protocol is based on frequency shift keying encoding and
an average, though variable, transmission rate of just
over 100 Baud. The signals for logical 1 and logical 0
are just as they are in standard Baudot, i.e. 1400 hertz
for a mark and 1800 hertz for a space. However, this
protocol is unusual in that, for reasons described below,
the time for a space bit and the time for a mark bit are
defined to be different (12 milliseconds versus 6
milliseconds). Moreover, the enhanced TDD character set
consists of a 7-bit l128-character table such as the ASCII
or CCITT character tables. The enhanced TDD character
data signal coneists of a start bit, the 7 character bits,
no parity bit, and two stop bits. The start bit is a
space, and the stop bits are marks. Enhanced TDD, like
conventional Baudot; operates'in a simplex mode, although
the details of oPeratlon of the Smelex communication
protocol, as descrlbed below, result in a pseudo-duplex
capabillty'as peroelved by the users. Thus the enhanced

- TDD protocol descrlbed hereln utllxzes the 1400 and 1800

:Hertz tone generation and tone recognitxon 01rcu1try
' already'preeent ln most TDDs and comblnes that with 7-bit

~ character set, a unlquely'deflned baud rate with unequal
- bit times, and a un;que handshake routine. The protocol

3.1mplementatlon 18 intended to be automatic and not to
o require settings or other 1nterventlon by the user.

In essence, the enhanced TDD device operatee to

"lnltlally'query*the device on the other end to determine

whether ‘the remote TDD is also capable of enhanced TDD
protocol commnnicatlons. The enhanced TDD device presents

thlS lnquary'by sending a spe01al eynchronlzatxon sequence

- to the other TDD.g The synchronlzatlon sequence is a
- specific 91gnal lntended to be incomprehensible, or
. ;undetectab1e, by a conventlonal Baudot TDD. If an .
:'enhanced TDD dev1ce sends the synchronization sxgnal aﬁoJ
. recelves the correct response, preferably a similar
.synchronlzatlon sequence sent in return, then both

- machines can 1mmed1ately commence communication in
~ enhanced TDD protocol. If the enhanced TDD terminal fails
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to receive a synchronization sequence from the remote
unit, it assumes that the remote unit is operating in

conventional Baudot, and continues to communicate using
conventional Baudot protocols.

5 It is also desirable that, if there is a pause in the
communication, that the TDDs operating under the protocol
re-synchronize. This may be done by a new synchronization
handshake. Thus the synchronization sequence may be sent
jJust-at the beginning of the entire communication session,

10 but it is preferred that the sequence be sent after each
pause on the line or at predefined intervals.

Many current TDDs utilize phase~locked loops to
monitor incoming TDD tones. Since existing devices were
designed to operate at 45.5 baud, the phase-locked loops

15 were selected for that transmission rate. One widely used
design includes.phase-locked loops, such as indicated at
44 in Fig. 2, which may require as long as 4 to 7
milliseconds to "lock" on an incoming frequency. At a
flat 100 baud, this may leaveaslittle as 3 milliseconds
20 of recognizable signal (10 milliseconds minus 7
:mllllseconds) To add to the reliability for enhanced TDD
protocol;machlnes, this protocol defines the bit time of
one polarity(space) to belonger.than the other (mark),
i.e. 12milliBQCOhdS‘compared'to 6 milliseconds, to be
25  sure that the raéeiving Statioﬁ can reliably detect at
~ least one bit polarity. The receiving station need not
actually'detect the bltS of the other polarity (mark), but
can calculate the ‘time perlod of the mark bits by noting
_the absence of the ‘space bit tone and dividing the elapsed
30  time period by‘the assmgned bit time for mark bits (6
~ msecs) to determlne ‘the number of successive marks which
were sent. Y
Such szngle channel decodlng is sometimes considered
i_undeSLrable due‘to,the;pOSSLblllty'of detecting noise
. 35 " bursts in the deCOded'channel.as characters. This can be
- avoided by:requiring two mark stop bits, which then form a
signal long enough to be recognized by the 1400 Hz
phase-locked loop. Lack of a properly defined stop bit
indicates noise. The use of two stop bits ensures that
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the 1400 Hz signal is maintained long enough (12
milliseconds) for the 1400 Hz phase~locked loop to
actuate.

The use of such differential bit times achieves the
compromise of achieving an overall average data transfer
rate exceeding 100 baud while adapting to the limitations
of existing hardware. It is an interesting side effect in
that the length of time to transmit the various ASCII
characters will vary. The longest character, the "null"
character of 7 spaces would require 108 milliseconds (1 12
msec start; 7 x 12 msec character; 2 x 6 msec stop), while

the shortest would be 66 milliseconds. The average
character would be 87 milliseconds. This then turns out
to be, on average, a faster effective data transfer rate

than simple 100 baud.

The synchronization sequence for the enhanced TDD
protocol must also be idiosyncratic. It should be a
sequence which will not be recognized as a display
character by a conventional TDD, but which can easily be
recognized by an enhanced TDD. This is done, in part, by
defining the synchronization signal to include

- recognizable tone on1y for'mark (1400 Hz) bits and to

include no space~bits (1800 Hz). ~ Since conventional
Baudot/Weitbrecht characters are defined to begin with a
space b;t,.the absence of a space bit means that the
enhanced TDD aynchron;zat;on sequence~W1ll never be
recognmzed by'a conventlonal TDD. To minimize error, when
a mark (1400 Hz) tone is not being sent, an echo
suppression tone 1is applied. The echo suppression tone !
canbe,any‘conﬁenient toné signal outside of the range of
the phase«lockedfléopsandfwithin.the bandwidth of the

telephone line. An exemplary echo suppression tone
- frequency could be 2100 Hz. This tone could, since it is

not detected 'varyffrom.mach;ne to machine.
Shown in F;gure 3 is a timing diagram of the

:::::::

synchronization sequence for enhanced TDD communication.

In essence, the synchronization character is a special
code Signal specifically created for the purpose cof
serving as a synchronization signal. It 1s a desirable
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feature of the synchronization sequence that it not be
received as a printed or displayed character by
conventional Baudot TDDs, and this particular
synchronization sequence has specific features to
5 accomplish that objective. First, note that the

synchronization signal is all ones (1400 Hz) and echo
suppression tones, with no space (1800 Hz) tones at all.
The bit times vary in length. The synchronization
sequence begins with an echo suppression tone (EST) of

10 neither 1400 nor 1800 Hz for 6 milliseconds; which is
sufficient to suppress echoes or transients on the line
and unlock both the 1400 and 1800 Hertz phase-locked
loops. Then there are two 12 millisecond mark (1400 Hz)
tones each followed by a 6 millisecond echo suppression

15 tone. Following that are two more 12 millisecond mark
tones each followed by a 12 millisecond echo suppression
tone. A last 12 millisecond mark tone is followed by a
brief (6 millisecond) echo suppression tone. Thus the
sequence includes a specific progressxon which can be

20 <recognzzed by the receiving station and which is very
unlxkely*to,bemlstaken.for a display character. Under
cOnventionaI'Baudot.protocol, a space bit is required to
recognize a valid charaCter by TDDs. Conventional Baudot
protocol requires that.there be a start bit, which is a

25 logical 0, as the_first'bit time of a valid character
‘transmission. Thus, conventional TDDs will reject the
synchronization sequence as an invalid Baudot character
simply'on'that'basis.'
. From this discussion, it should be apparent that the

30 'transtSSLOn.of a single synchronlzatlon character by an
enhanced TDD devlce w11l.not result in any disruption or
COhfusionif received by conventional prior art TDD. The
 enhanced TDD te:minal,‘which is capable of over 100 baud
operation,7would'be-programmed to recognize the '

35 transmission of a synchronization sequence to it. Upon

‘ receipt of the synchronization sequence, the enhanced TDD
would enter into a "handshake," which is a pattern of
characters transmitted between the machines to establish

that they are both capable of enhanced Baudot
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communications. Both terminals then will conduct all
subsequent communications in the enhanced TDD protocol.
The handshake may be as simple as the transmitting station
sending a single synchronization sequence, and the
receiving station returning with a single synchronization
sequence, after which both stations switch to enhanced TDD
communications. If this simple handshake is used, there
should be at least about a 10 millisecond pause between
the characters, or a pause sufficient to permit the

telephone lines to settle to avoid erroneous result. In

order that the most rapid communication protocol available
be utilized by communicating terminals, each enhanced TDD
would be programmed to send the synchronization character
at the séart of any data communication in a new
communication session and pause for a time period
sufficient for the communicating station to respond. 1In
other woxds, the-first-Character‘which the TDD sends on
the line is the synchronizatiOn character. Since the
entire handshakecan be accomplished, if only two
synchronization characters are used, in less than 250
milliseconds,'the'procesé'will be largely transparent to
the users. - Nevertheless, in that time period, the two

machines would recognize that each is capable of enhanced

TDD cemmunlcation and further communlcatlon'would be

conducted using that protocol,'w1th its accompanying

advantages to the communlcatlng persons.
Other variatlons on the handshake are also possible.

'It:may'be necessary, on occasion, to have each station

transmit two synchronizatlon sequences to the other to

'verlfy enhanced TDD protocol capabillty prior to ewltchlng
‘to enhanced TDD ‘communication. The sending station and

recemvzng etatlon could take turns sendlng each other
synchronlzatlen sequences, until each have sent two

'..characters, before sthch;ng to enhanced Baudot protocols.
Another alternat;ve'whlch is possible is for the enhanced

TDD terminal to send characters in conventional Baudot
which“will notbedisplayed by the receiving terminal, but
which would be coded to indicate enhanced TDD capability.
For example, if the transmitting station sent two "FIG" or
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two "LTR" characters, which normally would not follow each
other in conventional Baudot communication, such a pattern
can be used as a code for enhanced TDD signaling,
particularly if followed by a synchronization pattern such
as that described above. T
Ragardless of which handshake protocecl is utilized,
the enhanced TDD terminal must be capable both of
detecting the synchronization character when received or,
alternatively, detecting a conventional 45.5 baud
character indicative of enhanced TDD protocol capability
when received. If the enhanced TDD sends a ‘
synchronization pulse, or whatever other pattern is
utilized to indicate the capability of enhanced TDD

communication, and no appropriate return handshake is

received, the enhanced TDD tarmanal must be capable of

conductlng further communlcat;on under conventional
Baudot/WeLtbrechtﬁprotocols. These capabilities are all
made'pOSSible by properSOftware coding of the

‘microprocessor 14 of the TDD in Flg l. In essence, the

timing of the data lnputs and outputs can be entirely
under control of the aoftware, and hence by reprogramming

xthe:m;croprocessor, it 1s poss;ble to alter the timing
- sequencs to result in these functlons as described herein.

Once the functlonal;ty of a devxce is described as is
done here;n, the codxng of the macrocode to operate the

mmcroProcessor ;s*well*W1tth the skill of those of
ordlnary'aklll ln the art of modern electronic design.
Note that tha enhanced TDD protocol described herein

:makes use of the larger 7-b1t character set. Unlike the

| smallar 64~character Baudot character set, the seven-bit

<ASCII and CCITT character sets of 128 characters includes

-both upper and lower case letters and in addition,

lncludes a full aet of punctuatlon and the ability to
lnclude control characters., This raises the possibilities

-that TDDsS could be desxgnated to operate with control ™

codes not presently available in conventional Baudot
communlcatlon.: Such control codes might indicate the type
of device and might be utilized to turn features of the

devices on or off, for example the display, depending on
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pacticular needs of the moment. Note that, unlike ASCII
communication protocols, the tone signals utilized within
the enhanced TDD protocOl of the present invention are
conventional Baudot. The tones are also presented on the
telephone line only when characters are being transmitted.
No carrier tones are maintained when neither station is
transmitting. This is a very desirable feature of any TDD
communication protocol. Just as hearing and speaking
telephone users are occasionally put on "hold," so TDD
users are sometimes put on hold. Placing one station of a
communication.link operatingunder.ASCII protocols (i.e.

‘Bell 212A or the like) on hold terminates the

commmnication"link;~by breaking the carrier. This is not
true either in standard Baudot or enhanced TDD protocol

'descr;bed herein._ S;nce the abllity to put someone on
hold is a useful part of conventlonal telephone

communlcatlons, the fact that a hold capability is
lnherent in thls enhanced TDD protocol is significant.

, In the operation of the TDD in accordance with the
present invention, further constralnts are implemented in
the enhanced protocol TDD'Wthh are Lntended to permlt
pseudo-duplex communlcatlon., Thls is done by melementlng

the two sxmple rules of pseudo-duplex communication

referred to above._ The:mmcroProcessor is programmed to

.accept data from;the keyboard asynchronously and, if data
:f‘lS berng recelved over the telecommunlcatzon line, to not

'_transmit the data immediately but to store the characters
' typed in the buffer of ‘the RAM 24. ‘Meanwhile, if data is
‘{berng recelved, it is: dlsplayed on the visual display for
.-ﬂreadlng by the uaer.:.Meanwhlle, the user can continue to
~ type characters, and characterS*wlll be recelved by'the

"'”‘*ffdevmce and placed into RAM.for transmlssion in turn to the

* . ] .
. \ )
. . . .
. '
] L -
o
* - . . -
. . o . - "
. - . . = .
. = N .S .
. v = .
'
- - -
'
' 2
N -~
'

~'remote statlon.r Technxques for bufferlng such
. ;conmnn1cat1on lines by bufferlng both input and output
~ data are techn;queS'well known to those of ordinary Sklll

 1n the art.

- In conventlonal Baudot communications, TDDs are

lncapable of rece1v1ng data when a character transmission

is occurrlng Therefore, it has become a convention for
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users of TDDs to yield the floor at the end of each data

transmission. Often they yield the floor by typing the
letters "ga," as an abbreviation for "go ahéad,“ at the

end of a text string transmission. The enhanced TDD

5 obviates the necessity for any kind of indication at the
end of a character string. Since both users may type
asynchronously without losing data, it is not required,
except for etiquette, for each user to indicate to the
other that it is the ‘other’s turn to proceed.

10 Again, consider the first of the two rules for
operating pseudo~duplex TDDs. Under that rule, each
station must be constrained not to make any transmissions
outward on its communication line while it is receiving
data. During that time period, keyboard characters from

15 the user are stored in the buffer. The terminal will wait
until there is a pause on the communication line and then

transmit characters from its buffer in turn.
The second rule of pseudo-duplex communication

requires that each station pause after a certain N number
- 20 of characters have been transmitted. The number of
'characters N ls between l and 72, and preferably between 1
and 10' Let'uS'assume,'for'the purposes of illustration,
that the number of characters to be transmitted before a
pause is Six. At the end of six characters, the local
25 ..enhanced TDD dévice*will pauSe. If the remote terminal at
'“the other end of the communlcatlon line is also an
| enhanced TDD device,‘whlch has characters in its stack to
'“be transmltted 1t will be free during the pause to begin
 tranam1ss1on of characters 1n return. The transmASSLOn of
30  characters fram the remote TDD will cause the local
' . enhanced DD to not transmlt during the time of reception
of data. ‘At the end of the transmission of the six
-’characters, the remote TDD*w1ll also pause. This pause
'will allow the local statxon TDD to again resume control
35 _ of the cammunlcatlon line, and transmit its packet of six
characters to the remote terminal. 1In this way, the two
TDDs alternate in the transmission of packets of
characters back and forth. In view of the fact that the
communication protocol allows the transmission of in
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excess of eleven characters per second, the communication
will still be perceived by the users as fast as or faster
than normal Baudot communications, even if both users are
occasionally typing at exactly the same time. Also,
characters will rarely be lost by simultaneous typlng by
the two users, since each station is buffering its output
and transmitting only when it is not receiving.

The time period for such a pause between character

sets can be brief. Clearly, the longer the pause and the
more often the pause is inserted between characters, the
slower the overall rate of communications will be. The

‘pause may be as short as two average bit times (20

milliseconds) or as long as 100 milliseconds, depending
upon needs. In any event, a first portion of the pause
period (perhaps 10 milliseconds) is appropriate simply to
let the transients on the telephone line to settle and for
echoes tO'cease; following the tones from the transmitting
station being'transmitted. Thereafter, the transmitting
station would sense for data transmission from the

_prev;ously'recelving station. If no data transmission is

recexved,_the_station.can go back and send another set of
characters,“whereaa'if“data is received from the remote

;statlon, transmnssxon would temporarlly‘cease.

, If data is both belng received and transmltted by the
enhanced TDD dev1ce, lt is helpful that both sets of data

- be d;splayed for the user. TDDs can have a single or
.mnltlple lxne d;splay‘for the user. In order for both

transmlttlng and receiv:ng data to be displayed, the

- display must be split into two portions. The split can be
along a vertical or a horlzontal axis. If the dlsplay‘;s

two llnes or larger, ‘one 11ne can be used for transmitting

‘data while another 18 used for received data. 1In any
"event, the presentatlon of characters to the dlsplay';s
always done under software control, and hence it is a

Tarmame

relatlvely Smele matter for the microprocessor to split

sections of the memory and separately up date the twc
sections based on the data received, sO that the display

continually*scrolls the two characters strings, one for
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being received from the remote station.

It is an advantage of the method of operating TDDs as
described herein that it can be implemented and
retrofitted to existing TDDs solely by software upgfede.
As can be seen in Fig. 1, the hardware portions of the
internal components of a conventional TDD are quite
capable of handling the needs of the enhanced TDD protocol
described herein. The hardware portions of the circuits
of Fig. 1 have little to do with the actual timing of the
data input and output. The timing details of the
transmission of data and the translation and recognition
of the codes of the data, are all handled under software
control by the program for the microprocessor contained in
the ROM 22. 1In fact, even conventlonal TDDs often include
7=-bit character table in their memory, in order to
recognize characters from ASCII keyboards and present
characters to.ASCII dlsplays or prlnters. Hence, no new
additional data tables even need to be added to the
program;in many TDDs to gain the abilities of the enhanced
TDD protocol What does need to be altered in the program
is sxmply'the timing and flow of transmitted data, as well
as constrainlng the transmission of data to obey the rules
for pseudomduplex communlcatlon described above. In
addlt;on, the programwmust effxcmently and tolerantly test

 for the presence of the synchronlzatlon characters at all

txmes, even Ln the.mlddle of communlcating in conventional
45.5 baud communzcatlon. This is so that if the
synchronlzatlon character is received, the enhanced TDD

_edev;ce can respond approprlately, so that further
.-communlcatlon can be cenducted in the enhanced TDD

protocol . . .
It is understood that the enhanced TDD protocol

descrlbed here‘may also be 1mplemented in other B
TDD~cempat1ble devxces intended to communicate with the

TDD network of users Such devices include bulletin

boards, newe«serv;ces and other automated TDD

communication devices with other than human (i.e.

kayboard) inputs.
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It is understood that the present invention is not
limited to the particular embodiments illustrated herein,
but embraces such modified forms thereof as come within
the scope of the following claims.
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1. An enhanced telecommunication device for the
deaf for communications over a telephone line, the device
comprising b
5 a source for 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 analog output line adapted to being connected to
the telephone line so as to be capable of presenting
Baudot tones over the telephone line and also connected to
receive data frcm;the,miCroproceSBQr and transmit Baudot
20 tones encoding such data over the telephone line; and
a memory device connected to the m;croprocessor
contalnlng the program‘code for 0perat;on of the
 m1croprocesscr to contrcl operatlon of the
, telecommunicatlons devmce to generally'(L) receive data
25 entered from;the anut source, (11)'present entered data
-frcm:the lnput source on the ~analog output line, (1iii)
receive data.frcm.the analog input line and (iv) deliver
'data from.the analog input line to the destlnatlon, the
. ,program;code further comprising code (i) enabling |
30 communlcatlon under elther a conventional Baudot protocol
- or an enhanced TDD protocol Wthh operates at a higher

data transmzsszcn rate, (11) causing a spe01el
synchronlzatlon sequence to be transmltted under an
' “enhanced TDD protocol,'whlch sequence is selected to be’a
35 sequence'which lS not recognlzed as a dlsplayed character
‘ by a remote.teleccmmnnlcatlons device operating under
conventional Baudot protocol, and (iii) causing the timing
‘and format of communications to be in conventional Baudot
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protocol if no synchronization sequence is received in
return and in enhanced TDD protocol if a synchronization
signal is received in return.

2. A telecommunication device for the deaf as
claimed in claim 1 wherein the enhanced TDD protocol
includes mark bits and space bits of differing bit time
intervals.

3. A telecommunication device for the deaf as
claimed in claim 1 wherein the enhanced TDD protocol
includes a sevenmbit'character and the character table

from ASCII code.

4. A telecommunlcatlon devzce for the deaf as
clalmed,;n clamm.l'whereln the enhanced TDD protocol
synchronlzatlon sequence ls a sequence of alternating mark
toneS'whlch-are 1400 Hertz and echo suppressgion tones
‘which are nelthex 1800 nor 1400 Hertz.

5, ..A.telecommunicatlon deV1ce for the deaf as

",claxmed in clalm;l'where;n the program code further

constrains the device to impose a pause after the

 synchron1zation sequence before the start of initial data
'transmlsSLOns to sense for recelpt of a synchronization
sequence from a remote devzce.. '

6. A telecommunication device for the deaf-as .=

}claimad in claim 1 wherein the input source is a kevboard.
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7. A telecommunication device for the deaf as
claimed in claim 1 wherein the destination is a visually
readable display.

\

8. A method of operating a telecommunication device
for the deaf for communicating with a remote device and
including a keyboard, a display, a microprocessor

connected to receive data from the keyboard 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

(a) receiving from the keyboard data from a user;

(b) transmitting onto the communications line a
synchronization signal for an enhanced TDD communications
protocol'whlch operates at a data transmlssxon rate faster
than conventional Baudot, the synchronlzatlon character
selected so as to not cause the dmsplay'of a character by
the remote dGV1ce if operatlng only in conventional

Baudot; . . S
(c) 'teSting for'the receipt of a synchronization

-smgnal in return from.the remote davxce,

. (d)}flf no synchronizatlon sxgnal is recelved in
return. from.the remote devxce, transmlttlng the data

'recelved.from the user onto the telephone line using
.'conventional Baudot protocol and

(e) if a synchronlzation SLgnal is received in

~ return.fram;the remote devmce, transm;ttlng the data
frecelved,fram.the user ontc the telephone lxne using

'enhanced TDD protocol

1‘ 9; ' A,method as clalmed in clalm.B‘whereln the

'jenhanced Baudot protocol is conducted at about 100 baud.
‘using a seven b;t_character set.
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10. A method as claimed in claim 8 wherein the
synchronization signal includes only mark bits of 1400
Hertz and an echo suppression tone of neither 1800 noxr
1400 Hertz.

l1l1. A telecommunication device for the deaf
comprising

a keyboard;

a visually readable display;

a microprocessor connected to accept input data
characters from the keyboard and to. present data

characters on the display;
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 mlcroprocessor so as to provide a digital input to
the microprocessor of the data received over the telephone
line; _ . ‘ - . ,

- an analog output l;ne adapted to being connected to
the telephone line so as to be capable of presenting
Baudot tones over the telephone llne and also connected to
receive data from,the mlcroprocessor and transmit Baudot
tones encodlng such data over the telephone line; and

a:memory device connected to the:mlcroprooessor
contalnlng the program code for operatlon of the
mecroProceesor to control operation of the

"telecommnnloatlons device to generally’(l) receive data
.entered frombthe keyboard,.(ll) present entered data from.

- .  _the keyboard on the analog output line, (111) receive
E ‘ . data fxom,both the keyboard and the 1nput analog line on

~ the dlsplayy the program.code further comprising code
enabling communlcetlon under either a conventional Baudot

lnput deta from,the 1nput.analog llne ‘and (1v) display

protocol ox an enhanced TDD protocol, the enhanced TDD

"protocol using a seven—blt character set, using the Baudot
:tones of 1400 Hertz for a loglcal one and 1800 Hertz for a
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logical zero, and having a bit time for a space of 12
milliseconds and a bit time for a mark of 6 milliseconds.

12. A telecommunication device for the deaf
5 comprising
a source of input 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
10 characters to the destination; |
an analog input circuit adaptod to being connoctéa to
a telephone line so as to be responsive to the reception
cf Baudot tones over the telephone line and also connected
to the microprocessor so as to provide a digital input to
15 the microprocessor of the data received over the telephoge
line; . ’ .
an analogdﬁtputline adapted to'being connected to
the telephone linQSOas to be capable of presenting
- Baudot tones over”the'telephOno line and also connected to
20 receive data from,thomlcroprocessor and transmit Baudot
tones enooding such data over the telephone line; and
.a:memory'dovice connected to the microprocessor
contalnlng the program,code for operation of the .
m;croprocossor to control 0peratlon of the
25 telecommunications device to generally (1) receive data
entered fxom;tho lnput source, (11) present entered data
'from.the input source on the analog output line, (iii)
;receiveAdata~frOmfthe analog input line and (iv) deliver
~data from the anut analog line to the destination; the
30 program ‘code further comprising code (i) enabllng |
.communlcation under either a conventlonal Baudot protocol
or an enhanced TDD protocol‘whlch operates at a h;ghor'

,‘data transmdssion rate, (il) causxng a special = -~ .
_ synchronizatlon sequence to be transmitted, (iii) if a
35 :synchrOnization sequence is returned by a remote device,

' communicating in the enhanced TDD protocol in which the
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bit times for the space bits and the mark bits are
different.

k) i *

13. A telecommunications device for the deaf as
5 claimed in claim 12 wherein the space bits have a bit time

of 12 milliseconds while the mark bits have a bit time of
6 milliseconds.
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