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Field of the

 The present invention relates generally to the field of

‘communication systems, and more particularly to a system for

the conversion of analog signals to digital signals for
digital stoi:age and for the retrieval and reconversion to
analog format of such signals for playback. Most
specifically the present invention relates to an analog-to-

-digital voice storage cellular telephone, wherein messages

are recorded when a user is away from the unit.
Cross- e t ted cations
This appllcation is a continuation-in-part of copending

-Appllcatlons Serial No. 110,002 and Serial No. 110,201,
filed on October 19, 1987, each of which is a continuation-

in-part of copendin'g Application Serial No. 07/077,496,
filed July 24, 1987, entitled “ANALOG/DIGITAL DATA STORAGE
SYSTEM. "
Backaground of the Invention

The pr:.or art 1s replete with various types of paging
systems and radlo-operated systems by which a message can be
left for an individual who is not able to be contacted
dlrectly for one reason or another. For example, many
paging systems operate with a large complex central
processing facility in which messages are queued and

transmitted, normally in digital form, to subscribers, along
‘with the subscriber’s address code. The subscriber to the
 service carries ‘a paging unit which is preprogrammed to
-activate upon receiving a message which is preceded by the

address code for that paging unit. The pager then nomally

‘emits an audible sound to alert the subscriber that a

message is being ‘received and recorded for him. The
message is placed in the pager memory and the message is

retrieved in the form of a written message, normally on an

LED or ICD display_ screen. Although such systems are
efficient and require very little air time in order to send

the digital message, the messages . transmitted are
' . tr
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necessarily of limited duration and are normally of the

type which require the subscriber to go to the nearest

teléphone and call the message originator. In addition,
unless the transmitted messages are strictly numeric, i.e. '
telephone numbers and the "like, alphanumeric messageé
require a special terminal in order to input the

-alphahumeric message to be transmitted, and paging systems

of this type require expensive computerized central message
facilities. "

_ Other paging systems are available which utilize a
transmitter which transmits in analog form an audio message

_preceded by an address code which is received by a
preprogrammed receiver. The message is played immediately

upon 'reCeipt, and, in some units, the message can be
recorded on a" tape cassette for replay. Pagers ‘of this
type are normally relatively bulky and require
substantially high power -requirements to drive the
mechanical portions of the tape recorder. '

In the ax?é ‘0of telephone communications, typically
available answéring machines have one or more tape
cassettes for playing a message to the caller to indicate
that the called party is not available to answer the phone

' and to record a message for later playback. Although

ansvwering machines are readily available for single-line
use and their price is becoming more and more reasonable,
such devices are normally not available as part of the
telephone circuitry itself. Most of the existing answering
machines are bulky and require a substantial amount of
desktop space., 'Furthermo:;‘e, _ answering machines are not

readily available for multi-line business phones and com-

line, cellular or mobile recording.

"Also in the area of telephone communications, the
advent of cellular telephones has revolutionized mobile
communications and has created a need for enhanced
capabilities. Cellular telephones utilize sophisticated

-cellular technol_o'gy and are faced with growing demand.

Ongoing research in this area concentrates on providing
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_-add:.t:.onal conveniences and reducing costs. For example,

presently, ‘when a part:.cular cellular user is away from his
or her unit, a general recording from the central cellular
station or site informs the caller that the particular user
cannot be reached at the time. Thus, the caller has tb
take the initiative of calling again, which can result in
several unavailing and frustrating attempts.

Most - existing cellular telepliones incorporate the
capabillty of indicating to users if they received any

calls dur:.ng their absence by some. .sort of an indicator.

This feature is sometimes useful and reassuring, especially
when the user is expecting an important telephone call from
a particular person while away from the unit. However,
this feature is inadequate and does not solve the problem
since it does not identify the caller, record the number at
which the caller '_m'ay be reached, nor indicate the total
number of callers and their messages. Although answering

‘machines for this purpose are available for standard
telephones, such capabilities are not available with

cellular telephones. Reducing costs is also another high

.~ priority since cellular telephones are relatively expensive

because calls are typically billed on a per-minute basis.

' Yet another form of message service is the so-called
voic_e"_"'_"__stdrage retrieval system (VMS) in which a voice
messaée can be left at a central message storage facility,
and the subscriber, by use of a specific code, can access
the memory at the_ central computer to retrieve the message.
These systéms are expensive to operate in view of the
necessity of powerful computers ‘at the central system
facility ¢to process and store the messages and, in
addition, can be inconvenient to use since the subscriber

must be at a telephone in order to receive the message. 1In

addition, messages may not be timely received because the
addressee inadverten_tly fails to check for messages.

" In the are_a of two-way radio communication, such as in
the case of police and fire communications, emergency
communications ‘and the like where the addressee may be away
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from the mobile unit from time to time, many systems employ
the use of hand-held receivers, i.e., walkie-talkies, which

- may be patched into the mobile receiver for the receipt of

incoming messages while the operator is away from the unit.

Such devices are expensive and, in many cases, would be

tbtally ‘unnecessary if a reliable, inexpensive message
storage system were available at the mobile unit. Some
systems are available which are similar to the teléphone
answering machines for transmitting a prerecorded message
and for recording incoming messages when the operator is
not at the mobile unit. These systems have been found to
be bulky, unreliable and inflexible in connection with
radio com'munica_tions.

. A more sophisticated system has been promulgated in

‘U.S. Patent Nos. 4,468,813 to Burke, et al. and 4,495,647

to Burke, et al, This system requires a base unit which
sends a command program packet in digital form to the
mobile unit which is programmed to respond to the command
program for receiving the message in analog form. The
command packet includes numerous command codes,
transmission of which require significant air time.

Responsive to the ‘command program, the mobile unit converts
the message to digital form for storage and responsive to a
termination command sent in digital form by the base unit,
the mobile unit recording system is deactivated. The
operator at the mobile unit can then replay the digital
message in analog form. The 5ystém 'as disclosed in the
aforementioned U.S. patents requires a sophisticated
encoding system at the base _‘tz'_gnsmitter which is capable of
generating a command program packet and the termination code
signal.' ' Furthermore, the base transmitter must be capable

~of tran'smitting_ thé command packet in the form described in

the aforementioned patents. The mobile unit must be capable
of receiving, decoding and transmitting the command program
packet back to the base unit. The mobile unit utilized in
such 'sys_tems 'requires two separate power supplies which
would render the device unsuitable for portable hand-held
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In the communications field, particularly in radio

' communications, transmission time is desirably maintained
at a minimum. In radio communication, the available
' ‘channels are crowded and there is great competition for air

time. For this reason most paging systems involve the
transmission of messages in digital format because the
digital format requires less time to tramsmit. The

. messages received, however, are limited to short written

messages which are displayed on a small LED or ILCD display
screen and the messages are normally limited to the type
that require the subscriber to go to a telephone and call
the messagé originator. 1In addition to the limited message
capability of such systems, the transmitting comi;onents are -
expensive, normally requiring centralized computer message
facilities to transmit the digital data and to store the
analog messages for the subscribers.

' Accordingly, it would be highly desirable to provide a
system for transmitting analog messages directly to a
remote unit in which the analog messages are transmitted at
a high rate of speed to conserve air time and are received
and recorded at the remote unit for playback at a slower
rate of speed to return the fnessage to its audible
condition.l__ As a corollary, it would also be desirable to
transmit_' certain analog data at a slow rate of speed and to
play the message back at a higher rate of speed, again to
return 1t to its audible format. Such a transmission
procedure is beneficially carried out in the transmission

- of music and other high fidgli;:y analog data over telephone
limes which normally adversely affect the fidelity of the

data being transmitted. In such a case it would be
desirable to transmit the data at a slow rate of speed
thereby tQ retain the fidelity and to play it back at its
normal rate of speed without loss of fidelity.

. | _ Summ; of e Invent

The - present invention provides a voice storage
telephone operating in cooperation with a plurality of

This Sheet Has Been Replaced
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transceiver stations without operator intervention, having a
transceiver 'folf transmitting and receiving voice messages
from a remote transceiver via said transceiver station,
without intervention by a cellular subscriber, wherein the
improvement is characterized by 1) a receiving circuit
responsive :to a call notification signal from the
transceivér' station; 2) call answering circuitry
automatically -ansﬁering incoming calls from the transceiver
station, the call answering circuitry automatically
activated without user intervention. after a predetermined
period of time subsequent to receiving the call
notification signal and generating an off-hook enable
signal; 3) detection circuitry connected to the call

answering circuitry, the detection circuitry sensing a clear .

channel cellular signal transmitted from the transceiver
station and generating a detection enable -'signal; 4)
transmission circuitry connected to the detection circuitry,
the transmission circuitry <transmitting a pre-recorded
message to the transceiver station responsive to the clear
channel signal; 5) a message recording circuit digitally
recording the voice messages, the mesSage recording circuit
responsive to the off-hook enable signal from the call
answvering circuitry and the detection enable signal from the
detection circuitry; and 6) playback circuitry coupled to
the message recording circuit and reproducing the voice
messages.

In accordance with the present invention, there is
provided an analog-to-digital data storage system which is
readily adapted for use in communlcati.on systems such as
paging systenms, telephones, mult:L-l:Lne telephones, cellular
telephones, intercom, message alarm systems, telenmetry
systems; two-~way radios and the 1like, by which analog
signals, including voice messages and data transmission,
can be received converted to digital format and stored in
memory in dJ.gltal format for retrieval, reconversion to

‘analog form and playback as desired. In addition, the

system permits sufficient memory for dictation of messages

Sheet Has Been RTlaced
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'fo'r later playback or transn:tission. The data storage
system is easily installed on existing telephone and radio

equipment at low cost and operates with very low power
requirements.  The data storage system is adapted to be
activatec_i by any conventional analog or digital address
code such as, for example, digital code, tone, dual-tone
multi-freqtiehcy (DTMF) or may even be voice activated
(VOX). No specially modified transmitter is required for
use with the 6ys'tem_ of the present invention. In addition,
the means for deactivating the circuitry after receipt of a
message is contained within the data storage system itself
and, except for an address code -(which is preferred but not
critical) , the necessity of transmitting a packet of
command data to control the reception and recording of the
message at the -i'eceiving unit and a termination code at the
end of a més_sag'e' to deactivate the receiving unit is
eliminated. )

In accordance with the present invention, the analog-
to-digital data 'stbrage system includes receiver means for
receiving an '.incoming signal carrying an analog component
from a suitable transmitter. The analog signal is
preferalSly "pr_eceded by a designated address code which is
specific to a particular data memory system. The system
further inclﬁdes enable means activated by the incoming
signal to emit an enable signal (logic high) to activate
the sys_tein circuitry, as will be hereinafter described and
illustrated. The enable means may comprise a decoder which
has been pfogra_inmed to recognize an address code specified
to a particulaf' receiver or group of receivers. The enable
means may also be activated bf the incoming signal without
an address code, such as in the case of a VOX circuit, to
emit the enable signal. The system also includes
conversion means for converting the incoming analog data to
digital format and memory means for storing the converted
digital data.  The conversion means further includes
circuitry for reconverting a digital signal to analog
format.  Control means are provided for activating the

This Sheet Has Been Reﬂ
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.conv.ersicn 'means and the digital memory storage means

responsive to the enable signal from the decoder means. 1In :
the preferred embodiment, the control means also acts to
deactivate the 'conversion means and memory means at the

" completion of the message or after a predetermined period

of time. Switching means are included for activating the
conversion means and the memory means for playback in
analog format of any stored messages. The system further
includes switching means for manually activating the record
and the playbeck modes, and. amplifi_er means for listening
to incoming analog signals and playback of stored messages.

The system of the present invention is readily
adaptable for use with wire communication systems such as
single and m\_ilti-line telephone systems, intercom systems,

~and for radio communication. Thus, the system of the

present invention is useful for paging systems, two-way
radio, cellular telephones, conventional <telephone and
intercom systems, and telemetry systems. The system is
also useful for transmitting music and other data where
high fidelity is required. The system of the invention
employs circuitry that is readily installed with
conventional transmission and receiving equipment. In a
preferred form of the invention, the system is adapted for
receiving analog messages which are transmitted at high
speed and for playback of such messages after retrieval
from memory' .at a slow speed so that the message may be
understood by the mobile operator. In this fashion, air
transmission time is substantially reduced which 1is of
critical importance in those areas where the radio
frequencies are ‘crowded, s;ich‘* as in paging systems where
assigned frequencies are limited and there are a large
number of subscribers utilizing the system.

In accordance w:.th one aspect of the present invention
there is provxded a communications system for the
transmission of analog data at a first rate storage and
playback' of the meSSage at a second rate. The system
comprises transmitter means which includes a transmission

HIIIIII ﬁﬁ\f\iﬁ‘ \lﬂi
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‘buffer which comintinicétes with a control terminal for the

input of the data and with a transmitter for sending the
analog message. = The ' system further includes a receiver

group including a receiver compatible with the transmitter

for receiving the transmitted signal and which includes
circuitry for storing the received signal in memory and for
retrieving the signal from memory and converting it to
izsable format. It will be understood that signal rate
conversion can occur prior to storirig the signal in memory
or subsequent to the signal retrieval from memory but prior
to playback. Also, the signal may be transmitted at one
rate, recorded at ‘a second rate and played back at yet a
third rate._- Preferably, the encoding means at the
transmitter buffer also encodes an address and speed code -
which; can be recognized by the receiver group so that
messages can 'be sent to specific receivers ‘at various
transmitter rates.

In  accordance with another aspect, a cellular
telephone having voice storage capabilities advantageously
records messages while a user is away from the cellular
unit. The voice storage circuitry incorporated therein is
easily adapted for portable applications due to the low
current requi:emén_ts and may be advantageously installed in
the handset of a cellular telephone due to its small size.
Call answering circuitry is activated after a predetermined
number of rings to automatically answer an incoming call.
Detection circuitry waits for a predetermined length of
time to detect a SAT (Supervisory Audio Tone) signal. If
the SAT signal is 'detected,‘ .a_prerecorded outgoing message
is —{transmitt_,ed' to the caller. If the SAT signal is not
detected during the predetermined length of time, the
incoming call is automatically disconnected. Once the
outgoing message ‘has been received, the caller can leave a
message which is recorded by the analog-to-digital voice
storage circuit. A plurality of individual messages are
stored sequentially and may be retrieved and reproduced by
the user at a later time. In addition, a first recorded

eet Has Been RTwed
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message (olﬁest message stored in memory) is automatically

-erased first.

In accordahce ‘with one aspect of the analog-to-digital
voice storage cellular telephone, messages are recorded at
a central cellular station in real time and subsequently
tran_smiti:ed to the cellular telephone unit at high speed,
to save on transmission time. These messages are then
recorded at; the voice storage cellular unit at a high speed
but are retrieved and reproduced at a normal speed. This
is advantageous because incoming and outgoing calls are
gener'aliy billed on a per-minute basis charged to the
cellular subscriber.

In accordance with another aspect, the circuitry for
answering a call is activated only by entering a personal .

.identification code through the keypad of a telephone which
. is compared with a prestored code. However, in the

instance that the identification code does not match the
prestored address such as in the case of a wrong number,'
the incoming call is immediately terminated. This feature
advahtageously discounts costs associated with unauthorized
callers. |

_ In accordance with yet another aspect, the analog-to-
digital storage cellular telephone also provides a means
for recording dictated messages and reproducing dictated
messages, wherein the user may record important voice notes
or cellular conversations instead of writing notes. This
feature is of special importance during the operation of a
vehicle for reasons of highway safety.

- Bri S .0 of the wings
'-7- The 1nvention will be best understood in conjunction

with the following description when taken in conjunction
with the accompanying drawings in which:

Figure 1'_ ‘is a block diagram of a digital voice storage

- system in accordance with the present invention;

Figure 2 is a block diagram of the audio conversion,
switching and control circuits of Figure 1;
Figure 3 is a schematic diagram showing the switching

This Sheet Has Been R laced
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‘and the receiver group:

Lok B N

.c1rcu1t of Figure 2 in more detail:;

) FJ.gure 4 is a schematic diagrat of a portlon of the
switchlng. circuit of Figure . 2, illustrating the message
rate control circuitry; '

" Figure 5 is a block diagram of an intercom system
utilizing the voice storage memory system of the pPresent
1nvent10n. |

Figure 6 is a schematic diagram of the sw1tching
circuit of Flgure 2, 111ustrat1ng circuitry for the manual
activation of the record function; and ‘

Figure 7 is a schematic diagram illustrating the
circuitry of Figure 2 with increased Random Access Memory
(RAH). _

- Figure 8 is a block diagram of an analog message .
paging system incorporating the variable rate transmission
and playback featufe of the present invention; |

Figure 9 is a block diagram of the transmission group
in accordance with the present invention;

' Figure 10 is a block diagram of the receiver group in

* accordance with the present invention:;

Figure 11 is a block diagram of the modulation
processor circuitry utilized by both the transmitter group
Figure 12 is ‘a block diagram of the circuitry of the
modulation processor; and
_ Figure 13 is a block diagram of the receiver group
decoder cxrcultry.- .

Figure 14 ‘is a block diagram of the transceiver
circuit of an analog-to—dlgital voice storage cellular
telephone of the present invention.

Figure 15 is a detailed schematic diagram of the call

- answering and termlnating circuitry of the present

1nvention.

Flgure 16 is a detalled schematic diagram illustrating
the audio conversion, switching and control circuitry shown
in PFigure 2, tdgether with the call answering and
terminating citcuitry shown in Figure 15 with additional
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| circuitfy of the analog-to-digital voice_ storage cellular

télephone of thé present invention.
| Figure 17 is a detailed schematic diagram illustrating
the "circuitry shown in Figure 7 together with the circuitry
shown in Figure 16. '
_ e ciption o e efe Embodiments
Referring to. Figure 1, there is illustrated an analog-
to~digital data memory system . indicated generally as 10,
constructed in accordance with the present invention, which
includes a powver supply 5 and receiver means 14 for
recelvmg incomng s.tgnals. The receiver 14 may consist of
a radlo receiver such. as would  be utilized with an audio
paging system or with two-way radio systems, or may be a
telephone or similar type device. As such, a Transmitter
(not shown) will also be included in system 10. The
incoming signals received by the receiving -means are
transmitted from any compatible transmitting device (not
shown) which, as will be explained later, need not be
_eSpeeially modified for use with the receiver means 14 of

‘the voice storage system 10. The transmitting medium may

be hard-wire or wireless such as, for example, radio,
infrared or optical. Enable means 16 is provided with
decoder circuitry to compare the incoming signal with the
receiver address to determine if the incoming message
signal is addressed '. to the system 10. The enable means 16
can be adapted to monitor various types of encoded
addr_esses such as,' for example, digital code, tone code or
dual-tone multiple frequency (DTMF). If the signal code
matches the receiver address, the decoder 16 issues an
enable signal (pulse or continuous signal) which act:l.vates

. the record/store functions of the voice storage system 10.

The use of an address code with the incoming message is not
critical and, if desired, the enable can be simply a voice
activated device .which issues the enable signal upon
receipt of an audio message or a switch for manual
activation fer  enteting and storing messages by the
receiver operator. 1In one embodiment of the invention, the
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decoder 16 is designed to emit a continuous enable signal
during' the duration of the incoming analog signal, and the
signal terminates at the end of the analog signal. The
termination of the enable signal from the decoder 16 is
utilized in other portions of the circuitry in a manner to
be described in more detail hereinafter to deactivate the
circuits of the system 10 and return it to the standby

- mode. In yet another embodiment of the invention, the

decoder 16 issues a single pulse upon sensing an incoming
message addressed to the system 10, and timer means are
provided to return the system to the standby mode after the
passage of a pred_etermined period of time from the initial
enable pulse. |

Control means 18 for switching, resetting and
controlling the circuitry of the system 10 acts in response
to the enable signal from the decoder 16 to control and
activate the irarious circuits of the voice storage system
10. The incoming signal is passed on to the signal

' conversion means 20 for conversion from .analog to digital

format, and on to memory means 22 for storage in memory in
digital format. The control means 18 also includes
switching Circuitry for activating the voice storage system
10 independently of an enable.sigﬁal to recall from memory
the stored messages and to reconvert the messages from
digital to analog format for replay.

Andio”amplifier means 24 are provided for listening to
audio meSsages, both incoming and those retrieved from
memory. Input means 17 are provided to directly enter
messages to the control means 18 for conversion and storage
by-the receiver operator.

Referring now to Figure 2, there is shown a schematic
diagram of the circuitry utilized in the control means 18,
signal conversion means 20 and memory means 22 of the data
memory system 10 illustrated in Figure 1. As illustrated
in Figure 2, certain optional features of the system 10 are
shown in phantom, and it should be understood that the
system_ld is operable without any of the optional features,
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to be incorporated .in the circuit i& a matter of choice,
dependent ﬁpon the nature of the receiver in which the
system is installed and the selected operating parameters
for the system. | '

The power supply 5 comprises any suitable source of
power and preferably has a potential of at least 3 volts.
The ééntrol means 18 (as shown in Figure 1) electrically
communicates with the decoder 16 (not shown) through an
input logic buffer 26 to a logic blocking circuit 56. The
logic blocking circuit 56, which is of conventional diode
design, distributes the enable 'signal (logic high) through
a start 1line 36 and a record/play 1line 31 to a
microprocessor 32. When the enable means or decoder 16 is .
of the type that issues a continuous logic high during the
duration of the analog signal, it is highly preferred to
include circuitry for automatically returning the system 10
to the standby mode upon completion of the analog signal,
as indicated by a termination of the logic high. For this
purpose, a trailing edge detector 42 is connected to a
logic invertor 46 which in turn is connected to the
microprocessor 32 through a stop line 48, the purpose and
operation of which will be described in more detail
hereinafter. The incoming analog signal is input to the
microprocessor 32 through an analog input coupling 96 of
conventional design. An audio switch 66 is connected to
the mnicroprocessor 32 by a line 98 for monitoring the
incoming analog signal during the record mode. For
automatic resetting of the _sistem 10 to permit a sender to
record over messages alre'ad; in memory, there may be
included a leading edge detector 36 to which the logic high
is conveyed from the logic blocking circuit 56 by means of a
line 34. The leading edge detector 36 is of conventional
design and is connected to the microproceéessor 32 through a
reset switch 38 and a reset line 40.

A playback switch 58 is connected to a switching
controller 60. The switching controller 60, more clearly
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:Lllustrated J.n F:Lgure 3, consists of an invertor 112 and an
invertor 114 which are coupled by resistors 116, 118 in a
bl-stable (two-stable) state circuit of conventional design
whose output at 1lines 102, 160 is normally 1low until
J.nverted by activation of the switch 58 to initiate the
playback mode. The output of the switching controller 60
remains high until it is inverted to its normal low by a

reset switch 108.

The digital-to-analog conversion and analog-to-digital
reconversion is accomplished by the microprocessor 32. The
microprocessor 32 is of commercially available design, such
as one mahufactured by Toshiba ‘under Model No. T6668, and
is pfovided with circuitry for converting analog to digital
and reconverting digital to analog. Such ~ conversion -
circuits are well known in the art and operate by
generating-_ an internmal time base, sampling the analog
signal 'input. at some predetermined point in each of the
time base segments, and then generating a digital output
responsive to the sample level obtained during the sampling

period.  The microprocessor 32 is adapted for communication

with a random access memory 78 which, in the embodiment
illustrated, consists of four banks of four 256K bit chips
for a -total of 1024K bit memory per each bank. In the
embodiment of the invention illustrated in Figure 2, the
systenm 10, when utilizing all four RAM banks, can store up
to about 9 minutes of audio message at a bit rate of
8K BPS. Additipnal memory banks may be added as desired or
needed, "espec_ially -1f the receiver operator intends to
carry out a substantial amount of message recording, such
as where the system 10 is to be used as a dictating unit.
"In operation, an analog message, audio or data, is
transmitted from a transmitter (not shown) to the receiver
means 14 (Figure 1). The nmessage may be transmitted by any
su:.tahle means such as wire or wireless, and preferably is
preceded by a des:.gnated address code of any of the
commonly used types such as tone, DIMF, digital or the
like.  The analog signal received by the receiver 14 is
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'transmitt.éd to the ' enable or decoder 16 which, if the

proper desi._gnait'ed code is present or if the enable of
decoder 16 is a VOX circuit, emits an enable signal (logic

high) through the input logic buffer 26 to the logic

blocking circuit 56. ‘In the embodiment of the invention
described thus far, the decoder 16 is of the type which
emits a continuous logic high for the duration of the
incoming analog signal. The logic high is conveyed through

'logic blocking circuit 56, the start line 30 and the

record/playback line 31 to the microprocessor 32. ' In
addition . the logic blocking circuit 56 conveys a logic
high through the line 34 to the leading edge detector 36
which emits a pulse to close the reset switch 38. 1In the
closed position , the reset switch 38 completes the circuit,

‘momentarily pulling the reset line 40 to a logic low to

initialize the microprocessor 32 and reset memory for
receiving a new message. The. incoming analog signal which,
for purpdses of illustration is described as an audio
message, is transmitted to the analog-to-digital conversion
circuit of the microprocessor 32 through the input audio
coupling 96. After conversion of the analog signal. to
digital format, the converted signal is then conveyed to
the RAM 78 for storage in memory. When reception of the
analog signal ceases, tﬁé enable or decoder 16 terminates
the logic high which activates the trailing edge detector
42, bringing it to a logic low. The logic low is indicated
to the logic invertor 46 through the line 44, and the logic
invertor inverts the low to a logic high which is conveyed
through the stop line 48 to “the microprocessor 32 to
terminate the conversion ‘and record process. ‘Termination
of the logic high also returns the start line 30 and the
record/play line 31 to their original standby logic low
conditiori', placing the system 10 in a standby mode in which
very little power is required.

To retrieve and play back a digital message stored in
RAM 78, _'_the receiver operator activates the playback switch
58 to cause the switching controller 60 to issue a logic
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high through the line 160, logic blocking circuit 100, the
line 104 and the start line 30 to the microprocessor 32 to
activate the playback reproducing function. .

At the same time, the switching controller 60 outputs
a logic high through the line 102 to simultaneously close
the switches 62, 66. The signal, which has been
reconverted to analog format, is directed from the
microprocessor 32 by the line 98 through the audio switch
66 and output audio coupler 95 to the aniplifier means 24
(shown in Figure 1). Upon completion of ' the message
reproduction and playback, the microprocessor 32 sends a
logic high through the line 110 to the reset switch 108.
The reset switch 108 resets the switching controller 60 to
its originai condition, feturning its output to a logic low
and which returns the switches 66, 62 to the open position.
At this point, the system 10 is in the standby mode and
ready to receive a new incoming signal for conversion and
storage.

In the embodiment of the invention thus far described,
it will be understood that there are no means for
protecting a message in memory, and, upon receiving an
incoming properly addressed signal, the system |is
automatically reset, and the iﬁc__qming signal will be
converted and stored over any messaée or data alréady in
memory. The system 10, however, is readily adapted for the
storage of a sequence of messages in memory and protection

‘of stored messages by selective reset circuitry or manual

reset circuitry which must be activated to initiate the
message record and convers:.on mode after memory is full of
unplayed messages or data.’

As shown in Figure 2, assuming that the leading edge
detector is removed from the system 10, and the reset
switch 38 is manually activated to reinitiate the
microprocessor 32 in the manner already described to reset
memory for recording over material already stored in
memdry. The system 10 requires no further reset in order
to record multiple messages until the respective memory
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bank is full, at which time a stop enable is generated
within the microprocessor 32 and mémory for that bank is
protected until reset. As illustrated most clearly in
Figure 3, a memory address selector or message counter 50 .
which is a standard 4-bit code counter circuit, is
connected to the microprocessor 32, making possible the
selection of 16 different 4-bit address combinations per
bank. It will be understood, however, that other address
selector circuits may be employed, such as 2-bit counter
circuits or manual selectors, as are well known in the art. |
The message address selector 50 is connected to the start
line 30 for receipt of the 2logic high from the 1logic
blocking circuit S5éc. _

A manual reset switch 75 is provided for resetting the .
message address to its initial address setting for the
playback of messages stored in the memory.  Playback of
messages occurs in the manner already described_ except
that, with the leading edge detector 36 out of the circuit,
the reset switch 38 must be manually activated to discharge
the reset line 40 in the manner already described to reset
the microprocessor 32 for receiving new incoming analog
signals and recording over messages already in RAM.

In an alternative form of the invention, the system 10
may optionally employ a timer 52 in place of the trailing
edge detector 42. The use of a timer is particularly
required when the decoder or enable 16 is of the type which
emits a single pulse in response to a properly addressed
incoming signal. '

As illustrated in Figure 3, the trailing- edge detector
42 -and the line 44 are eliminated from the circuit, and the
timer 52, of conventional design, is connected by a line 53
to the line 43 for receiving the logic high from the input
logic buffer 26. 1In operation, the timer 52 is initiated
by the logic high and, upon expiration of a preset period
of time, issues a negative pulse to the logic invertor 46
(Figure 2) which issues a logic high to the stop line 48
(Figure 2) to place the system 10 in the standby mode in
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the manner already described. )
As illustrated in Figure 2, the system 10 may also
include a message indicator 54 which signals the arrival of

-a signal and which may also indicate that memory space is

full. The message indicator 54 may be a light, LED or a
device for creating an audible tone. Such devices are well
known in the art and do not, per se, form a part of this

" invention.

The embodiment of the system 10 illustrated in Figures
2 and 3 also optionally includes record/playback rate
circuitry which enables the system to receive, convert and
record messages at a 1l-bit raté and playback the messages
at a different bit rate. The maximum rate in BPS is
determined by the particular microprocessor employed in the
system and in the embodiment described herein the maximum
rate is 32K BPS. '

As is most clearly shown in Figure 4, the rate
circuitry includes invertors 68, 70 which are connected to
the microprocessor 32 by lines 74, 76,. respectively. A
rate selector 72 which includes rate selector switches 72a,
72b is connected to the invertors 68, 70. The rate
selector 72 may be connected to the output of the switching
controller 60 at line 160 by lines 79 or 81 for control of
playback speed. o '

As illustrated, the rate selector switches 72a, 72b
are both open producing low input and high output at
invertors 68, 70 so that both lines 74, 76 are high. 1In
this condition, the microprocessor will record and play
back at the same rate of speed, in this case 32K BPS. When
the- playback switch 58 is’ clloséd, the high output from the
switching controller 60 passes through the line 79 to the
rate selector which activates and closes rate selector
switch 72a which causes a high input at invertor 74. 1In
this configuration, the output of the invertor 68 is 1low,
causing line 74 to be low while the output at the invertor
72 is high, causing line 76 to be high. In this
configuration, the microprocessor will play back messages
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at a rate of 16K BPS. The bit rate output is selected by
2-~bit codes so that four rates are selectable, depending

‘upon the positioning of the rate selector switches 72a,

72b.

The operational mode of the system 10 can be manualljr
controlled to allow the receiver operator to play back
messages and to interrupt the playback at any point to
return the system 10 to the standby mode for receiving
additional messages or data.

Referring to Figure 6, a capacitive memory circuit 300
of typical design is composed of capacitor 301 and resistor
302. The dapacitive memory circuit 300 is connected to the
playback switch 58 and switching controller 60 in a manner
to cause the output of the line 160 to change state with
each momentary closure of the switch 58. When the playback
switch 58 is closed, the line 160 of switching controller
60 becomes high, distributing. a logic high on the line 104
and the line 30 to the microprocessor 32 (not shown) to
activate the system to the playback mode.. A second closure
of the switch 58 produces a high-to-low line transition
which is conveyed to the trailing edge detector 42. The
trailing edge detector initiates a signal to the 1logic
inverter 46, which inverts the signal to a logic high,
which 1is conveyed through the stop 1line 48 to the
microprocessor to terminate the record and data conversion
mode and to return the system 10 to the standby mode in the
manner described above.

As mentioned, the system of the present invention
lends itself to use as an "electronic scratch pad" so that
an -operator may dictate messages into memory, either for
playback by the operator or for later broadcast where the
system is employed in two-way communications. The manual
record feature is provided by a second capacitive memory
circuit 300’ which is connected to a manual record switch
59, a second switching controller 60’ and a second reset
switch 108’. As is shown, the manual record circuitry is
the complément of the manual playback circuitry. However,
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closing the manual record switch causes the switching

‘circuit to issue a high signal through the line 34 to the

leading edge detector 36 which in turn initiates a pulse,
causing the microprocessor to be initialized for receiving
a message, as previously described. The message is entered
through the microphone 17 (Figure 1) which communicates
with the control circuitry 18.

Figure 7 shows a block diagram of the preferred
configuration of the RAM 78 of the system 10. The RAM 78
comprises four banks, 311, 312, 313 and 314, each
comprising four RAM chips of conventional design. It will
be 'understood, however, that additional RAM banks may be
added to increase memory capacity as well as adding
additional RAM chips to the RAM banks. A counter circuit
320 and a RAM bank selector 330 are provided for addressihg
incoming data and messages to RAM and for recalling stored
material from RAM.

The counter circuit 320 illustrated is an up-down
counter with a binary output coupled to . the bank selector
330. ‘'The bank selector 330 is connected to lines CAS 1
(bus 332) of the microprocessor and by lines 341, 342, 343,
344 to the RAM banks 311, 312, 313, 314, respectively.
Additional CAS buses 333, 334, 335.hay be configured in the
same manner as CAS 1 (bus 332) to additional RAM bank
selectors for the expansion of memory.

In a preferred embodiment, the counter 320 is
configured in a manner that produces an up count responsive
to the record and conversion mode, and a down count
responsive to the playback functions. In such a
configuration, the 1last message recorded is the first
message reproduced during playback. Thus, during the
record and convert operation, the counter 320 receives a
pulse from the control circuitry 18 (Figure 1) at the
initiation.of the record and conversion mode, which causes
the counter 320 to count up in binary code responsive to
each pulse received. The céunt, in binary code, is
conveyed to the bank selector 330, and, responsive thereto,
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the bank selector 330 selects the first RaM bank 311,
followed by the second RAM bank 312 with each count from
the counter 320. At the initiation ©f the playback mode,
the counter receives a pulse at the down input terminal
which causes the counter to count down in binary code which
is conveyed to the bank selector 330. RAM bank selection
for playback begins with the last RAM bank to receive a
message. During the record or the playback functions, the
CAS 1 (bus 332) of the microprocessor 32 is switched to the
designated RAM bank..

In operation, multiple messages may be stored in each
memory of each bank. - The microprocessor utilized may be of
the static or the dynamic type. It is preferred that the
static version of the microprocéssor be configured with a

"static version of RAM, and that the dynamic version of the

microprocessor be configured with a dynamic version of RAM.

Referring now to Figure 5, there is illustrated a
telephone system incorporating an analog-to-digital data
storage system in accordance with the invention. In the
embodiment illustrated, two transmitters/receivers (shown
generally as 202 and 202‘) are connected by a wire 204 and
a common ground 205 for intercommunication. Each
transmitter/receiver 202, 2027 inciudes a power supply 212,
as in the case of a conventional telephone. A send/receive
switch 216 (push to talk) is provided in each transmitter/
receiver 202, 202’ for making the transmitter circuit
during transmission and for breaking the transmitter
circuit 222, and completing the circuit to the receiver 214
during reception of a messa“ge.w' It will be understood that
the send/receive switch 216 is provided for illustration
purposes only and that full duplex intercom systems,
telephone systems and telephone intercom systems are
available which do not require such a switch for operation
of the intercom or telephone system.

An encoder 218 and encoder switch 219 are connected
into a line 240 to a transmitter 210. The encoder 218 may
be of any of the types previously discussed and preferably
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would be of the DTMF type as: used in most telephone
-gystens. The receiver transmitters 202, 202’ also include
a decoder 220 which is connected to an analog-to-digital
data storage system 222 of the type previously described in
connection with Figures 1, 2 and 3 above. The
transmitters/receivers 202, 202’ both include a message
indicator 224 which is activated to indicate that a message
has been received and placed in memory. A playback switch
226 and a reset switch 228 are provided for each of the
circuits 222, and a private switch 230 serves to switch the
receiver 214 of the transmitters/receivers 202, 202’ out of

the circuit so that messages being recorded cannot be heard

while being recorded. The playback switch 226 may be
replaced with an extra enable output (not shown) so that .
the playback function would be activated by entering a
personal identification code through the keypad of a
telephone (not shown).

The operation of the intercom system is illustrated in
Figure 5, with the transmitter/receiver 202 set to transmit
with switch 216, completing the circuit between the
transmitter 210 of transmitter/receiver 202 through the
wire 204 to the receiver 216 of transmitter/receiver 2027.
The transmitter/receiver 202/ is in the receive mode with
its transmit/receive switch 216 completing the circuit from
the wire 204 to the analog-to-digital storage circuit 222
via line 217. To send a message from transmitter/receiver
202 to transmitter/receiver 202’ for recording, the sender
activates the encoder switch 219 of transmitter/receiver
202 to activate the encoder 218, which issues a code for
transmission to the t’ra-nsmitter/receiver 202’. As
mentioned above, the encoder switch 219 will preferably
comprise the keypad of the telephone or similar device so
that the sender can input a preprogrammed code for the
transmitter/receiver 202°. Transmitter/receiver 202’ is
set for reception with the transmit/receive switch breaking
the transmitter circuit and making the receiver circuit.
As illustrated, the privacy switch 230 is in the open
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position so that the messages received at the circuit 222
are not played back through the receiver 214, but are
recorded only in the manner described hereinafter.

"The enable or decoder 220 senses the message address
and, if addressed to receiver/transmitter 202’issues th_é
logic high which is transmitted to the data storage circuit
222 through the enable line 221 which activates the circuit
222 in the manner described in conjunction with Figures 2
and 3. Conversion and recording of the analog message to
digital form is carried out by the circuitry 222 in the
manner described above in conjunction with Figures 2 and 3.
At the end of the message, line 110 returns to its normally

~ high state, and switch 230 is closed to remake the receiver

circuit. A message may be played back by activating the
playback switch 226 which initiates the playback circuitry
so that messages in the memory are reconverted to analog
form and output to the receiver 214.

It will be understood that a message may be stored in
the transmitter/receiver 202 or 202’ from any remote unit
so long as the user of the remote unit is provided with the
proper code to activate the enable or decoder 220. As
previously mentioned, it will be understood that the
transmitter/ receiver 202, 202/ may comprise two-way radios
or other wireless transmitters/receivers such as those
operating optically and the voice storage system 10, as
illustrated and described in connection with Figures 1, 2
and 3, and may be readily installed in such
transmitters/receivers.

Referring to Figure 8, there is illustrated an analog
communications system for "the transmission of data in
analog form at one rate for reception and playback of the
message at a different rate. The system includes a
transmitter group 10 consisting of a control terminal 11
for the input of data including address data and message
transmission rate data, mes_sage modulation and code
generation means 12 and transmitter means 13. The data is
input from the control terminal 11 to the message
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modulation and code generation means 12- where the input
message is stored temporarily, the address and speed rate
code data generated and the analog méssage modulated to the
selected transmission rate. A transmission packet
consisting of the modulated analog message and preceded by
an address code and code for contrelling the storage and
playback rates of the message are sent to the transmitter
means 13 for transmission. The transmitter means 13 may be
wireless such as, for example, transmission at radio

frequency, infrared, or visible frequencies or hard wired,

such as by telephone.

" The transmitted data is captured by the receiver group
14 which includes receiver means 15 capable of receiving
the signal from the transmitter means 13. The signal as
received is conveyed to decoding and modulation means 16
including means for processing the record and playback rate
codes after the transmitted address code is compared with a
i)reprogrammed address code. If the transmitted address
code data matches the preset address code of the receiver
group 14, the rate code is input into a rate memory for
subsequent control of the record and reproduction rates.

.The receiver group 14 further _includes amplifier and

speakér. means 17 for the playback of recorded data.
The coding, decoding and signal modulation including

message rate conversion functions for both the transmitter

group 10 and the receiver group 14 are the same except that
the signal input and the control commands for the
transmitter group is derived from the control terminal 11
while the signal input for, tl'le- receiver group is derived

. from the receiver 15 and the control commands from the

circuitry of the decoding and modulation means 16. The
encoding and decoding circui’try of both the transmitter
group 10 and the receiver group 14 are of conventional
design and do not per se form a part of this invention.
Thus, various code generators such as, for example, digital
code generators, tone code or dual-tone multifrequency
(DTMF) code generators are used with good results. It is
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critical only that the decoder circuitry of the receiver
group 14 be compatible with the code generator circuitry of
the transmitter group 10. As mentioned, the transmitted
code may include an address which is input from the control
terminal 11 so that the message is received and stored at a
particular designated receiver group 14. However, the use
of an address code with the transmitted signal is not
critical and the receiver groups 14 can function with
simply voice actuated devices which activate the record
circuitry of the receiver group ‘14 as will be described in
more detail hereinafter.

The operation of the transmitter group 10 is best

‘understood in conjunction with Figure 9 in which ‘the

message modulation and code generation circuitry 12 is
shown schematically as comprising circuitry for a message
modulation processor 12a and a code generator 12b. The
control terminal 11, which may be a computer with a number
of paging messages in queue, issues an analog message to
the modulation processor 12a and the address and rate codes
to the code generator 12b. The message is held in the
modulation processor 12a while the code generator 12b
generates the proper code for the record and playback rates
and issues it to the transmitter for transmission. The
control terminal 11 also issues a command to the modulation
processor which determines the rate at which the analog
message is transmitted and immediately following the
transmission of the address and rate codes, the analog
message is conveyed to the transmitter at the designated
rate for transmission. Thus, the modulation processor 12a
operates as a rate conversion circuit. As is shown most
clearly in Figure 10, the receiver group 14 receives the
transmitted address code at the receiver 15 and conveys it
to the decoder circuitry 16b which issues an activation
command to the modulation processor 16a if the address
codes match. The decoder circuitry 16b also sends a signal
corresponding to the record/play rate command to the
modulation processor circuitry 16a for control of the
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record/play rate. The transmitted analog -message signal is
conveyed to the modulation .processor i16a from the receiver
15 where the data is preferably converted to digital format
and stored in memory. Upon activation of a playback
function by the receiver group operator, the stored
playback rate command is issued by the decoder 16b in the
manner to be described hereafter and the message is
recalled from niemory , reformatted into analog format and
replayed at the command rate through the amplifier and
speaker means 17.

The decoder 16b may be preset to issue a fixed record
and playback rate code such as is the case where messages
are always transmitted at the same rate so that the record
and playback rate can be fixed. However, for maximum .
flexibility it is preferred that the decoder 16b be adapted
to issue different record and playback rate codes so that
the same receiver group can -receive, record and playback
separate messages which have been transmitted at different
rates.

The circuitry of the modulator processor 12a of the
transmitter group 10 and the modulator processor 16a of the
receiver group 14 1is very similar and operates in
substantially the same manner whether it is being used for
transmitting or receiving. The circuitry essentially
performs three functions; circuit control and switching,
memory and signal conversion. As shown in FIG.4, the
modulation processor circuitry includes memory 22, control
circuitry 18 for carrying out switching, reset and control
functions responsive to control 1logic commands. Signal
convertor circuitry 20 'méy be optionally included to
convert data contained in the signal from analbg' to digital
for storage and from digital to analog for transmission or
playback. .

Referring now to Figures 12 and 13, there is shown a
block diagram of the circuitry utilized in the control
means 18, signal conversion means 20 and memory means 22 of
the modulator processor circuitry 12a and 16a illustrated




10

15

20

25

35

-28=

in Figures 9, 10 and 11. The term audio will used
throughout to désignate_ the data being processed but it
will be understood that the invention is not limited to the
transmission of audio messages only and other data types
and playback forms are used in the | system as well. '

As illustrated in Figure 12 and Figure 13, certain
features which are present in the modulator processor
circuitry 16a of the receiver group 14 and which are not
utilized in the modulator processor circuitry 12a of the
transmitter group 10 are shown in phantom. The following
description of the modulator processor circuitry will be in
connection with the modulation processor 16a of the
receiver group 14. However, it will be understood that
unless otherwise specified, the description Wwill apply

.equally to the circuitry of the modulation processor 12a of

the transmitter group 10.

A power supply 5 comprises any suitable source of
power and preferably has a potential of at least 3 volts.
output from the decoder 16b to. the control circuitry is
through an input 1logic buffer 26 to a 1logic blocking
circuit 56. The logic blocking circuit 56, which is of
conventional diode design, distributes an enable signal
(logic_high) through a start line 30 and a record/play line
31 to a microprocessor 32. In the receiver group 14, if
the decoder 16b is of the type that issues a continuous
logic high during the duration of the incoming analog
signal, it is highly preferred to include circuitry for
automatically returning the circuits to the standby mode
upon completion of the analog signal as indicated by a
termination of the logic high. For this purpose, a
trailing edge detector 42 is connected to a logic invertor
46 which in turn is connected to the microprocessor 32
through a stop line 48, the purpose and operation of which
will be described in more detail hereinafter. In the case
of the transmitter group 10 such circuitry is unnecessary
since the control of the switching circuits is by the
control terminal.
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The incoming analog signal is  input to the
microprocessor 32 through an analog input -coupling (audio
coupling) 96 of conventional design. An audio switch 66 is
connected to the microprocessor 32 by a 1line 98 for
monitoring the analog signal during the record mode. For
automatic resetting of the system to permit recording over
messages already in memory, there may be included a leading
edge detector 36 to which the logic high is conveyed from
the logic blocking circuit 56 by means of a line 34. The
leading edge detector 36 is of conventicnal design and:is
connected to the microprocessor 32 through a reset switch
38, and a reset line 40. A playback switch 58 is connected
to a switching controller 60.- The switching controller- 60
consists of a pair of invertors which are .éoupled by
resistors in a bi-stable (two stable states) circuit of
conventional design whose output at lines 102 ‘and 160 is
normally low until inverted by activation of the switch 58
to initiate the playback mode. The output of the switching
controller 60 remains high until it is inverted to its
normal low by a reset switch 108. In the transmitter group
10, the function of the playback switch is taken over by
the terminal controller 11. E

It is highly preferred to store data in the memoi'y- 22
in digital form in order to conserve space. This
particularly is the case for the receiver group 14,
although conservation of memory space can be of great
importance in the <transmitter group 10 as well.
Accordingly, in the discussion that follows, the modulator
processor circuitry will be' _described as including the
signal converter circuitry 20 although it is not critical
to the operation of the modulation processor circuitry.

The digital to analog conversion and analog to 10
digital reconversion is accomplished by the microprocessor
32. The microprocessor 32 is of conventional design, such
as the 'mi'croprccessor manufactured by Toshiba under the
model number T6668, and is provided with circuitry for
converting analog to digital and reconverting digital to
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analog. Such conversion circuits are well known in the art
and operate by generating an internal time base, sampling
the analog signal input at some predetermined point in each
of the time base segments, and then generating a digital
output responsive to the sample level obtained during the
sampling period. _

The microprocessor 32 is adapted for communication
with random access memory which is illustrated as a bank of
four 256K bit chips 78. It will be understood, however,
that memory is not so limited and ‘a_dditional banks of RAM
chips may be added as desired and as space permits. For
example, the microprocessor 32 is readily adapted for
communication with a random access memory 78 which
consisting of one or more banks of 256K Dbit chips.
Additional memory banks may be added as desired or needed,
especially if the receiver operator intends to carry out a
substantial amount of message recording, such as where the
receiver group 14 is to be used as a note or memo storing
unit. _ _

The rate circuitry which enables the system to
transmit, receive, record and playback messages at
different clocking rates determined by the terminal 11 for
the transmission group and by the decoded rate codes at the
receiver group is most clearly shown in FIG 5. The rate
circuitry includes rate switches (invertors) 68 and 70
which are connected to the microprocessor 32 by lines 74
and 76 respectively. A rate selector 72 is operated by the
output of the switching controller 60 at line 160 by lines
79 and 81 to control playback speed. In the modulation
processor 1l12a of the tranémi;:ter group 10, the playback
rate, which is the transmission rate, is under the control
of the control terminal 11 and thus the invertors 68 and 70
and the rate selector 72 and the associated circuitry are
not used. |

In its standby confi.guratidn, the rate selector switch
72 is positioned to produce a low input and a high output
at invertors 68 and 70 respectively so that both lines 74
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and 76 are high. In this condition the microprocessor will
record and playback at the same rate of speed, "in this case
32K BPS. When the playback switch 58 is closed the high
output from the switching controller 60 passes through the
line 79 to the rate selector 72 which produces a high input
at invertor 68. In this configuration the output of the
invertor 68 is low causing line 74 to be low while the
output at the invertor 70 is high causing line 76 to be
high. In this configuration the microprocessor will
playback messages at a rate of 16K BPS. The BIT rate
output is selected by 2 BIT codes so that 4 rates are
selectable depending upon the positioning of the rate
selector switch 72. The maximum rate in BPS is determined
by the particular microprocessor- employed in the system and
in the embodiment described herein the maximum rate is 32K
BPS. Upon completion of the message reproduction and
playback, the microprocessor 32 sends a logic high through
the line 110 to the reset switch 108. The reset switch 108
resets the switching controller 60 to its original
condition returning its output to a logic low and which
returns the switches 66 and 62 to the open position. At
this point the system 10 is in the standby mode and ready
to receive a new incoming signal for conversion and
storage. - |

In operation, the data to be transmitted is input to
the memory 22 of the modulation processor 12b of the
transmitter group 10 and held pending a transmit command.
The transmit command includes an address code and rate code
which are sent to the code generator 12b and then to the
transmitter 13. Immed1ately followmg the rate codes and
the transmit commands are sent to the microprocessor 32 and
the message is retrieved from memory 22 and played back to
the transmitter at the playback rate commanded. Where the
signal converter circuitry 20 is employed to store the
message data in memory in digitalized format, it will be
understood the same circuitry is employed to reconvert the
data to analog format .before it is conveyed to the
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The analog message, audio or data, is transmitted by
the transmitter 13 to the receiver 15 (Figure 8). The
message is preceded by a designated address code of any of
the commonly used types such as tone, DTMF, digital, or the
like and includes a playback rate code and may also include
a length of message code. The analog signal received by the
receiver 15 is transmitted to the decoder 16b which, if the
proper designated code is present, or if the decoder 16b is
a VOX circuit, emits an enable signal (logic high) through
the input logic buffer 26 to the logic blocking circuit 56.
In the embodiment of the invention described thus far the
decoder 16b is of the type which emits a continuous logic
high for the duration of the incoming analog signal. The
logic high is conveyed through logic blocking circuit 56,
the start line 30 and the record/playback line 31 to the
microprocessor 32. In addition, the logic blocking circuit
56 conveys a logic high through the line 34 to the leading
edge detector 36 which emits a pulse to close the reset
switch 38. In the closed position, the reset switch 38
completes the circuit momentarily pulling the reset line 40
to a logic low to initialize the microprocessor 32 and reset
memory. for receiving a new message. The incoming analog
signal, which for purposes of illustration is described as
an audio message, is transmitted to the analog to digital
conversion circuit of the microprocessor 32 through the
input audio coupling 96. After conversion of the analog
signal to digital format the _converted signal is then
conveyed to the RAM 78 gop¥ storage in memory. When

reception of the analog’ éignal ceases, the ‘decoder 14

terminates the logic high which activates the trailing edge
detector 42 bringing it to a logic low. The logic low is
indicated to the logic invertor 46 through the line 44 and
the logic invertor inverts the low to a logic high which is
conveyed through the stop line 48 to the microprocessor 32
to terminate the conversion and record process. Termination
of the logic high also returns the start line 30 and the
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record/play line 31 to their originai standby logic low

‘condition placing the system 10 in a standby mode in which

very little power is required.

To retrieve and playback a digital message stored in
the RAM memory, the operator activates the playback switch
58 to ‘cause the switching controller 60 to issue a logic
high through the line 160, logic blocking circuit 100, the
line 104 and the start line 30 to the microprocessor 32 to
activate the playback reproducing function. At the same
time the switching controller 60. outputs a 1logic high
through the line 102 to simultaneously close the switches
62 and 66. The signal, which has been reconverted to
analog format, is directed from the microprocessor 32 by
the line 98 through the audio switch 66 and output audio
coupler 95 to the amplifier means 17 (Figure 8).

Referring to Figure 13 where like numbers refer to
like parts, the decoder 16b is adapted for issuing a
different record and playback rate codes for each
individual message stored in memory by. the provision of
rate memory 370 with which the decoder 16b communicates by

lines 371 -~ 374, The line 371 is the enable line which

activates the rate memory 370 to receive the playback rate-
code output from the decoder 16b through the lines 373 and.
374. The playback rate code is stored in a sector of the
rate memory 370 designated by the counter 320 which also
selects a corresponding sector of the RAM 78 in which to
store the message. After the playback rate code is decoded
and stored in the memory 370, the line 371 is disabled and
the 1line 372 is enabled. . The decoder 16b decodes the

- reeord speed rate and this command is coupled to the record

rate memory sector of the rate memory 370 thréugh the lines
373 and 374. The line 372 is then disabled and a line 381
from decoder 16b is enabled. The 1line 381 activates the

record circuitry of the systeni through the input  logic

buffer 26 which functions as described in connection with
Figure 12. A line 380 couples the rate memory 370 to the
enable line 381 for activation of the rate memory 370 to
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select the record speed from memory when the 1line 381 is
enabled. The record speéd code is conveyed from memory
through a bus 390 to the rate input of the microprocessor
32. When the record command is issued by the decoder 16b
as previously described, the line 381 is disabled.

For playback, the counter 320 selects the proper
sector from the RAM 78 in the manner previously described
along with "the corresponding playback rate code from the
rate memory 370. During playback the line 380 is disabled
causing the rate memory 370 to produce the playback rate
code which is conveyed through the line 390 to the rate
circuitry of the microprocessor 32 for setting the playback
rate.

The playback rate codes are stored in secfors of the

‘rate memory 370 corresponding with the sector in RAM in

which the message to which the code relates is stored. As
mentioned the sectors are selected by the message selector
50 both of which serve the function of memory sector
selection. 1In this fashion, stored messages are matched to
corresponding playback rate codes so the message is played
at the proper rate.

In the embodiment of the invention thus far described,
it will be understood that there is no means for protecting
a message in memory and upon receiving an incoming,
properly addressed signal, the system is automatically
reset and the incoming signal will be converted and stored
over any message or data already in memory. The modulator
processor l6a, however, is readily adapted for the storage
of a sequence of messages in memory and protection of
stored messages by selectlve reset circuitry or manual
reset circuitry which must be activated to initiate the
message record and conversion mode after memory is full of
unplayed messages or data. |

~ As shown in Figure 12, the leading edge detector 36 is
removed from the system 10 and the reset switch 38 is
manually activated to reinitiate the microprocessor 32 in
the manner already described to reset memory for recording
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over material already stored in memory. The systenm
requires no further reset in order to record multiple
méssages until the respective memory bank is full, at which
time a stop ‘enable is generated within the microprocessor
32 and memory for that bank is protected until reset. As
illustrated in Figure 12, a memory address selector 50,
which is a standard 4 BIT code counter circuit is connected
to the microprocessor 32 making possible the selection of
different 4 BIT address combinations per RaM 78. It will
be understood, however, that other address selector
circuits may be employed such as 2 BIT counter circuits or
manual selectors, as are well known in the art. The
message address selector 50 is connected to the start line
30 for recéipt of the logic high from the logic blocking .
circuit 56.

A manual reset switch 75 is provided for resetting the
message address to its initial address setting for the
playback of messages stored in the memory. Playback of
messages occurs in the manner already described except that
with the leading edge detector 36 out of the circuit the
reset switch 38 must be manually activated to discharge the
reset line 40 in the manner already described to reset the
microprocessor 32 for receiving neéw incoming analog signals
and recording over messages already in RAM.

No memory address circuitry is required for the
modulation processor 12b of the transmitter group since
message storage is under the control of the control
tez_fminal 11. _

In an alternative form of the invention, a timer 52
may be used in place of the‘-tria-iling edge detector 42. The
use of a timer is particulariy required when the decoder
16b is of the type which emits a single pulse in response
to a properly addressed incoming signal. As illustrated in
Figure 12, the trailing edge detector 42 and the line 44
are eliminated from the circuit and the timer, of
conventional design, is .connected to the 1line 43 for
receiving the logic high from the input logic buffer 26. In
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operation, the timer 52 is initiated by the logic high and
u'ﬁon expiration of a preset period of time, issues a
negative pulse to the logic invertor 46 which issues a
logic high to the stop line 48 to place the system 10 in
the standby mode in the manner already described.

As illustrated in Figure 12, a message indicator 54
may be included to indicate the arrival of a signal and the
indicator 54 may also be employed to indicate that memory
space is full. The message indicator 54 maybe a light, LED
or a device for creating an audible tone. Such devices are
well known in the art and do not, per se, form a part of
this invention.

The voice storage system as described herein will find
application in medical recording, industrial monitoring, as .
an electronic note pad and the like in addition to paging
systems. The ability to transmit and playback at different
rates can effect substantial reductions in air time making
analog message paging systems practical. In addition,
data which must be transmitted over telephone lines may be
transmitted at a slower rate to retain the fidelity of the
message and later played back at its normal rate without
loss of fidelity.

Figures 8 through 12 illustrate a cellular telephone
incorporating an analog-to-digital storage system in
accordance with the present invention, as described
hereinafter. The circuit descriptions with respect to
cellular telephones are compatible with either portable
hand held or mobiie use. The general operat:.on of the
cellular telephone descrzbed herein is typical in the art
of_ cellular telephones other than descriptions relating to
capabilities with respect to transmitting and recording
messages while the user is away from the unit. Typically
certain push buttons on a conventional cellular telephone
key pad are utilized to perform control operations,
accordingly, one such push button is assigned to terminate
a call and another is assigned to initiate a call. The
conventional key pad is also utilized as a DTMF generator
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‘for the generation of DTMF tones used to signal remote
'devices. such as credit card dialing or for long distance

services. In the preferred embodiment, another such push
button is programmed to activate the analog-to-digital
voice storage system cellular telephone prior to leaving
the unit. '

Referring now to Figure 14, there is illustrated a
block diagram of a transceiver circuit 500 of the analog-
to-digital voice storage cellular telephone connected to a
battery 513. The transceiver circuit 500 receives and
monitors a control channel frequency transmitted by a
remote transmitter. The transceiver circuit 500 typically
includes a power supply 512 which regulates and distributes
the necessary operating voltages. The transceiver circuit
500 additionally includes logic circuitry 511 which controls
the call processing and switching functions of the cellular
telephone. In a preferred embodiment of the analog-to-
digital voice storage cellular telephone, voice storage
circuitry 510 processes, stores and reproduces messages.
Audio circuitry 514 is connected to the voice storage
circuitry 510 for amplification and switching of both
received and transmitted audio messages. The transceiver
circuit 500 further comprises a receiver 515 for receiving
transmissions from a remote cellular transmitter. A
transmitter 516 transmits signals to a remote cell site
receiver. The transmitter circuitry 516 and the receiver
515 are duplexed to a common antenna system (not shown) by a
duplexer 517. '

In operation, upon repei,lring a page or a call, the
transceiver circuit 500 is ' commanded by the central cell
site to tune to specific transmit and receive voice
channels. Once an operator responds in one of two ways,
such as taking the handset of the cellular telephone off
the hook or by pushing the send button in response to some
type of alert indicator such as in the case of a standard
cellular telephone wherein full duplex communications are
established. When placing a call, an operator enters a
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phone number and subsequently pushes the send button on the
key pad of the ' cellular telephone handset. In response,
the transceiver circuit 500 transmits a call request to the
remote cellular receiver in a cell system. In response to
the call requést, the cell system transmitter transmits
specific', commands to the transceiver circuit 500 again
establishing communications over designated
transmit/receive frequencies (channels). To end a call, an
operator may push the' ‘end button thereby generating an end
command 'r'equest which is transmitted by the transceiver
circuit 500 to the cell system wherein the cell system
terminates the call. During voice communications, a SaT
(Supervisory Audio Tone) signal in the range of
approximately 6,000Hz is transmitted from the Cell system
transmitter to the transceiver circuit 500. The
transceiver circuit 500, upon receiving the SAT signal,
transponds (retransmits) the .SAT signal back to the cell
system receiver where the tone is analyzed for signal to
noise ratio and optionally phase of the SAT signal. The
SAT signal is used by the cellular system to diagnose audio
quality, and the like, for example processing "hand offs"
whereby calls are transferred to adjacent cells systems and
or alternate frequencies in order to keep voice
communications optimal. The SAT signal is used in
alternate forms to detect an audio or message pathway in
combination with the addition of the voice storage circuit
500 as will be explained in more detail hereinafter.

The vbice storage circuitry 510 comprises call
answering and temihating c:_lrcuitry 518, shown gener%lly in

. Figure 15, which automatically answers = (telephone "“off

hook") and terminates (telephone "on hook") incoming calls
while the user is away from the voice storage cellular
telephone. . Referring now to Figure 15, when the voice
storage cellular telephone is activated by the cellular
subscriber, switches 528A and 528B are closed. When the
telephone handset is "on hook" and the switch 52832 is
closed, a ring counter 520, after a predetermined number of
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ring counter 520 may preferably be of the kind used with
answering 'm_achiries for standard telephones. In addition,
the counter 520 may be substituted with a timer, or any
other means known to those skilled in the art, to produde
an ehahie output signal after a predetermined period of
time subsequent to receiving a page or a call. A timer 522
is set to disable the enable signal on line 534 after a
preset period of time. A SAT detector switch 524, which
may be of commercially available design used with existing
cellular telephones, is connected to another switch 528B.
when the switch 528B is closed’ (telephone "“off hook"), the
SAT detector switch 524 waits to detect a SAT signal and in
response thereto produces an enable high on & line 539.
The output lines 534 and 539, from the ring counter 520 or
timer and the SAT detector 524, respectively, are connected

- to first and second inputs of an AND gate 526. The enable

signal on line 539 is also connected to the timer 522 on a
line 540. . _

In operation, a ring or page signal from transceiver
500 through switch 5282 is input to the ring counter 520,
where after a predetermined number of rings, an "off hook"
enable pulse through line 531 is produced which enables the
cellular telephone to answer the call. This is the same as
manually pushing the send button to answer the call. Ring
counter 520 simultaneously produces a continuous enable
signal on line 534 to the AND gate 526 and on line 535 to
the timer 522. Upon receiving a continuous enable signal
on line 535, the timer 522 is preset to disable the ring
counter 520 after a prede;:ér;:ined period of time if the
timer 522 is not interrupted by any other means. For

"example,- if the preset period of time is defined at 5

seconds and the timer 522 is not disabled by other means
within the 5 second period, the timer 522 issues a disable
pulse to the ring counter 520 to reset the ring counter to
its origihal state. The timer 522 simultaneously sends the
disable pulse on line 538 to enable the voice storage
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cellular telephone to terminate the call. This is the same
as manually pushing the end button to end the call.

When the call has been answered and the switch 528B is
closed, the SAT signal indicating a message path is
detected by the SAT detector 524, and the SAT detector 524
produces a continuous enable on line 539 to the AND gate
526. The AND gate 526 produces an activation signal upon
receiving enable inputs from the ring counter 520 and the
SAT detector 524 on lines 534 and 539 simultaneously. Once
a SAT signal is detected, timer 522 is disabled by the
enable signal from the SAT detector 524 on line 540.

In operation, after a predetermined number of rings
counted by the ring counter 520, the call is answered. If
a SAT signal is received before the predetermined period of

.time clocked by the timer 522 expires, the timer 522 is

disabled and both ring counter 520 and SAT detector 524
produce a continuous enable to the AND gate 526 where upon
the AND gate produces an activation signal on line 544 to
activate the voice storage unit 510, as will be explained
in more detail hereinafter.

Figure 16 illustrates the audio conversion, switching
and control circuitry shown in Figure 2 and previously
described, in conjunction with °"the call answering and
terminating circuitry 518 and additional circuitry of the
voice storage cellular telephone.

Figure 17 illustrates the overall combination of the
circuitry shown in Figure- 15 together with the analog-to-
digital storage system previously described and shown in
Figure 7. ' )

- Referring now to 'F?igu':'l:'es 16 and 17, there is
illustrated the preferred embodiment of the analog-to-
digital voice storage system. A leading edge detector 543
is coupled to the line 544 for producing a momentary pulse
on line 542 connected to a buffer 541. The pulse on line
542 activates the switching controller 537 which is
connected to the output of the buffer 541. The switching
controller 537 functions in a manner previously described,
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such that a continuous enable signal is.produced at 1line
533 when the switching controller 537 is activated by the
output of bufféer 541. A reset switch 527 resets ' the
switching controller 537 upon receiving switching commands

‘from line 110 and line 538 to reset the circuitry to it’s

original stand by state.

In the circuitry thus far described it is possible to
activate the play function of the voice storage circuitry
510 upon receiving a specified number of rings in
combination with a subsequent SAT detection whereupon an
enable signal is produced on line 544 from the AND gate
526. The enable signal is detected by the 1leading edge
deteétor 543 creating a pulse on line 542 to buffer 541.
The output of the buffer 541 is connected to switching -
controller 537 for creating an activation signal on 1line
533 to buffer 529. The buffer 529 connects the activation
signal on line 545, through logic blocking circuitry 536,
to a line 30 to activate the play function of the processor
32. The line 545 further activates the. audio switch 66,
thereby connecting the reproduced audio signal through the
audio switch 66, to line 548. The play back audio is
connected to the transceiver 500 in a manner facilitating
transmission of the playback “voice message by the
transmitter 516. At the end of the playback message a stop
command is genérated by the processor 32 and a disable
signal is produced on line 110 to the reset switch 527. The
reset switch 527 resets the switching controller 537 to the
original stand by state. A logic blocking circuitry 546 has
been added to isolate the line 30 from the trailing edge
detector 42. In the circu{try thus far described, a voice

. message is transmitted automatically by the transceiver 500

after a specified number of rings. In addition ¢to
transmitting pre-stored voice messages, the transceiver 500
is adapted to record voice messages as will be explained
hereinafter. A trailing edge detector 550 is connected to
the 1line 545 for detecting the trailing edge of the
activation signal, which occurs at the end of the
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transmitted voice message. At this time an enable signal
is generated'- on line 555 to activate the record store
functions of the digital voice storage circuitry of
transceiver 500 in a manner previously described.

The switching controller 553 simultaneously activates
a stop timer 558 for resetting the switching controller 553
after a preset period of time on a line 557. A VOX circuit
560 of the type commonly used in the art monitors input
analog voice signals on an input line 559. The VOX circuit
560 produces a disable output when it detects analog voice
messages being input and the disable output resets the stop
timer 558. The stop timer 558 is also connected to another
input line 110. When the stop timer 558 receives a disable
signal on the line 110 from the processor 32, the stop
timer 558 resets and disables the VOX circuit 6560. A
default switch 554 selects either the record memory for the
recording of messages or . the play memory for the
transmission of an outgoing message. During the "play
mode," line 549 is enabled which causes the default switch
554 to select memory 570 (Bank 5). When there is no
enabling signal on line 549, the default switch 517 selects
the record memory. )

Manu_al' record functions are provided for recording
messages dictated by a user or messages from a caller
received at the cellular phone and for recording pre-stored
outgoing messages. Manual playback functions are provided
for playing back previously recorded messages at the voice
storage cellular telephone and for re-transmission of such
messages.  Stop functions _are provided to manually stop
both record and playback 'fﬁnci;.ions. Automatic record and

- playback functions are provided to automatically transmit a

pre-stored voice message in response to receiving a call
and automatic. tecording of incoming messages. The trailing
edge detector 550 may be optionally supplemented with a
DTMF decoder coupled to line 559 for decoding received DTMF
signals for activating the record circuitry of the
processor 32. The DTMF decoder, which may be of
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conventional design, should preferably include a comparator
circuit for comparing decoded DTMF with a prestored user
identification stored in an address register. Another
outgoing messaéé can preferably prompt the caller to enter a
security code, after which the caller can enter a
preassigned number through the keypad of his or her
telephone. When the caller’s telephone code number matches
the prestored identification number, the record message
sequence is activated in the manner pre#iously described and
the caller’s message is recorded. 1In the event where the
caller’s identification code does not match the prestored
identification code, the decoder generates an "On Hook"
enable to break the message path and terminate the call. 1In
this manner the voice storage system of the present .
invention prevents unauthorized use of its message'étorage
features and thus advantageously reduces subscribers costs.
The present invention also monitors the voice channel and

disconnects (Yon hook") the cellular telephone when a

message pathway is interrupted in any way to reduce
transmission time billing.

It should be fully understood that while the present
system is fully adapted for use with current analog
cellular telephone systems, the same steps of monitoring
message paths, memory management and subscriber security
may also be performed using digital sighalling techniques.

As described herein, the voice storage system of.
the present invention may be incorporated in various
communication systems such as two-way radio, - telephone,
intercom, mobile telephones and the 'like. The voice
storage system of the br;sent invention will find
application in medical recording, industrial monitoring, as
a voice' scratchpad and the 1like, in addition to paging
systems. The system of the present invention is readily
incorporated in various receivers and
transmitters/receivers at the time of manufacture or may be
incorporated in already existing conventional receivers and
transmitters/ receivers as an add-on item. The system of
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the present - invention has low power requirements and thus :
is particularly well suited for use in paging systems where -
the remote receiver must be small 'and 1light, and, of
necessity, has a limited power supply.

Having described the invention in connection with
certain preferred embodiments thereof, it will be
understood that many modifications and variations thereto .
are possible, all of which fall within the true spirit and
scope of the invention.
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"1l. A voice storage telephone operatlng in cooperation
with a plurality of transceiver stations without operator
intervention, having a transceiver for transmitting and
receiving voice messages from a remote transceiver via said
transceiver station, without intervention by a cellular
subscriber, wherein the improvement is characterized by:

a receiving circuit responsive to a call
notification signal from said transceiver station;

call answering circuitry automatically answering
incoming calls from said transceiver station, said call
answering circuitry automatically activated without
user intervention after a predetermined period of time
subsequent to réceivihg said call notification signal
and generating an off-hook enable signal;

detection circuitry connected to . said call
answering circuitry, said detection circuitry sensing
a clear channel cellular signal transmitted from said
transceiver station and generating a detection enable
signal; _

transmission circuitry connected to said
detection cir'cuitry, said transmission circuitry
transmitting a pre-recorded message to said transceiver
station responsive to said clear channel signal:;

a message recording circuit digitally recording
said voice messages, said message recording circuit
responsive to said off-hook enable signal from said
call a‘nswering circuitry and said detection enable
signal from said detect:.on circuitry; and

- playback circuitry coupled to said message
recording circuit and reproducing said voice messages.

2. A voice storage telephone operating in cooperation
with a plurality of transceiver stations without operator
intervention as defined in cClaim 1, additionally
characterized by:

call terminating circuitry coupled to said
detection circuitry, said call terminating circuitry

* € L M § %
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generating an on-hook enable when said detection

circuitry does not detect said clear channel siénal.

3. A voice storage telephone operating in cooperation
with a plurality of transceiver stations without operator
intervention as defined in Claim 1, additionally
characterized by: ' '

rate conversion circuitry coupled to said message
recording circuit, said rate conversion circuitry
causing messages to be recorded in said message
recording circuit at a different rate than said
messages are read from said message recording circuit.

4. A voice storage telephone operating in cooperation
with a plurality of transceiver stations without operator

intervention as defined in Claim 2, additionally .

.characterized by:

a register having a prestored code;

a comparator comparing a personal identification
code entered by a caller at a remote transmitter with
said prestored code, said call answering circuitry
generating said off-hook enable signal in response to
said'comparator when said personal identification code
matches said prestored code.

5. A voice storage telephone operating in cooperation
with a plﬁrality of transceiver stations without operator
intervention as defined in Claim 3, additionally
characterized in that said call terminating circuitry
automatically disconnects said incoming calls responsive to
said eomparator if said personal identification code does
not match said prestored code.

- 6. A voice storage telephone operating in cooperation
with a plurality of transceiver stations without operator
intervention as defined in Claim 1, additionally
characterlzed by: '

a recordlng switch connected to said message
recording circuit, said message recording circuit
recording dictated voice messages or telephone
conversations responsive to said recording switch, said

This Sheet Has Been R:-.!
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recordi.., switch activated by saida’ cellular subscriber

to retrieve said messages.

7. A voice storage telephone operating in cooperation
with a plurality of transceiver stations without operator
intervention having a transceiver for transmitting and
receiving voice messages from a remote transceiver via
said transceiver station without intervention by a cellular
subscriber, wherein the improvement is characterized by:

a receiving circuit responsive to a call
not;ﬁcat:lon signal from said transceiver station;

call answering circuitry automatically answering
incoming calls from said transceiver station, said call
answering circuitry automatically activated without

-ld 7=

user intervention after a predetermined period of time -
subsequent to receiving said call notification signal

and generates an off-hook enable signal.
a message recording circuit digitally recording
said voice messages transmitted at a first frequency

by said transceiver station, said messages previously

recorded at second frequency, lower than said first

frequency, said message :ecordif:g circuit responsive

to said off-hook enable signal from said call
ansvering circuitry:

playback circuitry coupled to said message
rec;ording circuit and reproducing said voice messages
at said normal speech fregquency.

8. A method for receiving and recording voice
messages from a remote transmitter via a cellular station
without intervention by a cellular subscriber, wherein the
improved method is characterized by the steps of:

receiving a call notification signal from said
transceiver station;

automatically answering incoming calls from said

transceiver station without user intervention after -

verification of a clear channel, subsequent to
receiving said call notification signal, and generating
an off-hook enable signal;

* c L M S *
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sensing a clear channel signal transmitted from
said transceiver station and : transmitting a pre-
recorded message to said transceiver station in
' response thereto;

digitally recording said voice messages in
response to said off-hook enable signal; and

reproducing said voice messages in response to an
operator command.
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