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ANALOG/D:IG:ITAI.. VOICE 

The present invention relat~s qenerally to the field of 
communication systems, and more particularly to a system for 

s the conversion of analog signals to di qi tal siqnals for 
diqital storaqe and for the retrieval and reconversion to 
analoq format of such signals for playback. Most 
specifically the present invention relates to an analoq-to­
diqi tal voice storaqe cellular telephone, wherein messaqes 

10 are recorded when a user is away from the unit. 
Cross-Beferenge to Belated Applications 

This application is a continu~tion-in-part of copendinq 
Applications Serial No. 110,002· and Serial No. 110,201, 

filed on October 19, 1987, each of which is a continuation-
15 in-part of copending Application Serial No. 07/077,496, 

filed July 24, 1987, entitled "ANALOG/DIGITAL DATA STORAGE 
SYSTEM." 

Background of tbe Invention 
.The pri~r art is replete with various types of paginq 

~ . ! ..... • ,. ' ,. : 

20 systems and radio-operated systems by which a message can be 

left for an individual who is not able to be contacted 
~ 

directl-y for one reason or another. For example, many 
paqing systems· ·operate with a larqe complex central 
processinq facility in which messaqes are queued and 

25 transmitted, normally in diqital form, to subscribers, alonq 
with the subscriber's address code. The subscriber to the 
service carries a paginq unit which is preprogrammed to 
activate upon receivinq a messaqe which is preceded by the 

~ - . 

address code for that paqinq unit. The pager then normally 
30. emits an audible sound to alert the subscriber that a 

messaqe is beinq received and recorded for him. The 
messaqe is placed in the pager memory and the message is 
retrieved in the form of a written messaqe, normally on an 
LED or LCD display screen. Althouqh such systems are 

35 efficient and require very little air time in order to send 
the digital message, the messaqes . transmitted are 
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necessarily of' limited duration and are. normally of the 

·type which require the subscriber to qo to the nearest 

telephone and call.· the messaqe .oriqinator. In addition, 

unless the transmitted messaqes are strictly numeric, i.e., 

5 telephone numbers and the like, alphanumeric messaqes 

require a special terminal in order to input the 

alphanumeric messaqe to be transmitted, and paqinq systems 

of this type require expensive computerized central messaqe 

facilities. 

10 Other paqinq systems are available which utilize a 

transmitter which transmits in analoq form an audio message 

preceded by an address code· which is ·received by a 

preproqrammed receiver. The messaqe is played immediately 

upon receipt, and, in some units, the messaqe . can be .. 

15 recorded on a tape cassette for replay. Paqers of this 

type are normally relatively bulky and require 

substantially hiqh power -requirements to drive the 

mechanical portions of the tape recorder. 

In the a~ea of telephone communications, typically 
\· 

20 available answe·rinq machines have one or more tape 

cassettes for playinq a messaqe to the caller to indicate 

that the called party is not available to answer the phone 

and to record a messaqe for later playback. Althouqh 

answering machines are readily available for sinqle-line 

25 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 existinq answerinq 

machines are bulky and require a substantial amount of 

desktop space.. Furthermore, answerinq machines are not 
"':i ·-

. ·30 rea-dily available for multi-line business phones and com-. 
line, cellular or mobile recordinq. 

Also in the area of telephone communications, the 

advent of cellular telephones has revolutionized mobile 

communications and has created a need for enhanced 

35 capabilities. Cellular telephones utilize sophisticated 

cellular technology and are faced with qrowing demand. 

Ongoinq research in this area concentrates on providing 
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additional conveniences and reducing costs. For example, 
presently, when a particular 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 

5 cannot be reached at the time. Thus, the caller has to 
take ·the initiative of calling again, which can -result in 
several '.Wlavailing and frustrating attempts. 

Most existing cellular teleptiones incorporate the 
capability of. indicating to users if they received any 

10 calls during 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 

15 since it does not identify the caller, record the number at 
which the caller may be reached, nor indicate the total 
number of callers and their messages. Al though answering 
machines for this purpose are available for standard 
telephones, such capabilities are not available with 

2 o 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 
voice···· storage retrieval system (VMS) in which a voice 

25 message 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 systems 
necessity of 

· ·30 facility to 
~ addition, can 

are expensive to operate in view of the 
powerful computers at the central system . ·-
process and store the messages and, in 
be inconvenient to use since the subscriber 

must be at a telephone in order to receive the message. In 
addition, messages may not be timely received because the 
addressee inadvertently fails to check for messages. 

35 In the area 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 
incominq messaqes while the operator is away from the unit. 

5 such devices are expensive and, in many cases, would be 
totally unnecessary if a reliable, inexpensive message 
storaqe system were available at the mobile unit. Some 
systems are· available which are similar to the telephone 
answering machines for transmittinq a prerecorded message 

10 · and for recordinq 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 communications. 

. A more sophisticated system has been promulqated in .. 

15 ·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 proqram packet in digital form to the 
mobile unit which is programmed to respond to the command 
proqram for receivinq the message in analoq form. The 

20 command packet includes numerous command codes, 
transmission of which require significant air time. 
Responsive to the command proqram, the mobile unit converts 

the message to diqital form for storage and responsive to a 
termination command sent in digital form by the base unit, 

25 the mobile unit recording system is deactivated. The 
operator at the mobile unit can then replay the diqital 
message in analog form. The system as disclosed in the 
aforementioned u.s. patents requires a sophisticated 
encodinq system at the base transmitter which is capable of 

~ --
. ·30 qeneratinq a command program packet and the termination code 

signal. Furthermore, the base transmitter must be capable 
of transmitting the command packet in the form described in 
the aforementioned patents. The mobile unit must be capable 
of receiving, decodinq and transmittinq the command proqram 

35 packet back to the base unit. The mobile unit utilized in 
such systems requires two separate power supplies which 
would render the device unsuitable for portable hand-held 
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receivers, such as pa9ers and the like. 
In the communications field, particularly in radio 

communications, transmission· time is desirably maintained 
at a minimum. In radio communication, the available 

5 ·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 transmit. The 
messages received, however, are limited to short written 

10 messages which are displayed on a small LED or LCD display 
screen and the messages are normally limited to the type 
that require the subscriber to"go to a telephone and call 
the message _originator. In addition to the limited message 
capability of such systems, the transmitting components are ·· 

15 expensive, normally requiring centralized computer messaqe 
facilities to transmit the diqital data and to store the 
analoq messaqes for the subscribers. 

Accordinqly, it would be highly desirable to provide a 
system for transmitting analog messages directly to a 

20 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 cf speed to return the message to its audible 
condition. As a corollary, it would also be desirable to 

25 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 it to its audible format. Such a transmission 
procedure is beneficially carried out in the transmission 
of music and other high f id~li:ty analoq data over telephone 

· ·30 lines which normally adve.rsely 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 to retain the fidelity and to play it back at its 
normal rate of speed without loss of fidelity. 

35 Summary of the Invention 
The · present invention provides a voice storaqe 

telephone operating in cooperation with a plurality of 

1i1111nr 
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transceiver stations without operator intervention, havinq a 
transceiver for transmitting and receivinq voice~ messages 
from a remote transceiver via said transceiver station, 
without intervention by a cellular subscriber, wherein the 

5 improvement is· characterized by l) a receivinq circuit 
responsive to a call notification siqnal from the 
transceiver station1 2) call answerinq circuitry 
automatically answering incominq calls from the transceiver 
station, the call answering circuitry automatically 

10 activated without user intervention. after a predetermined 
period of time subsequent to receivinq the call 
notification signal and generating an off-hook enable 
siqnal1 3) detection circuitry connected to the call 
answering circuitry, the detection circuitry sensl.ng a clear .. 

15 channel cellular siqnal transmitted from the transceiver 
station and qenerating a detection enable ·signal1 4) 
transmission circuitry connected to the detection circuitry, 
the transmission circuitry transmittinq a pre-recorded 
message to the transceiver station responsive to the clear 

20 channel siqnal; 5) a messaqe recordinq circuit diqitally 
recording the voice messages, the message recording circuit 
responsive to the off-hook enable signal from the call 
answeri~g circuitry and the detection enable signal from the 
detection circuitry; and 6) playback circuitry coupled to 

25 the message recording circuit and reproducinq the voice 
messages. 

In accordance with the present invention, there is 
provided an analog-to-digital data storaqe system which is 
readily adapted for use ii; communication systems such as 

· ·30 paqinq systems, telephones, multi-line telephones, cellular 
telephones, intercom, message alarm systems, telemetry 
systems, two-way radios and the like, by which analog 
siqnals, including voice messages and data transmission, 

can be received, converted to digital format and stored in 
35 memory in digital format for retrieval, reconversion to 

analoq form and playback as desired. In addition, the 
system permits sufficient memory for dictation of messages 



.. 
,. 

5 

10 

-7-

for later playback or transmission. The data storaqe 
system is easily ~nstalled on existing telephone and radio 
equipment at low cost and operates with very low power 
requirements. The data storage system is adapted to be 
activated by any conventional analoq or diqital address 
code such as, for example, digital code, tone, dual-tone 
multi-frequency (DTMF) or may even be voice activated 
(VOX) • No specially modified transmitter is required for 
use with the system of the present invention. In addition, 
the means for deactivating the circu~try after receipt of a 
messaqe 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 recorainq of the 

15 message at the receiving unit and a termination code at the 
end of a message to deactivate the receiving unit is 
eliminated. 

In accordance with the present invention, the analoq­
to-digital data storage system includes ~eceiver means for 

20 receivinq an .incoming signal carrying an analoq component 
from a suitable transmitter. The analoq signal is 
preferably preceded by a desiqnated address code which is 
specif.\c to a particular data memory system. The system 
further includes enable means activated by the incoming 

25 siqnal to emit an enable siqnal (loqic high) to activate 
the system circuitry, as will be hereinafter described and 
illustrated. The enable means may comprise a decoder which 
has been programmed to recognize an-address code specified 
to a particular receiver or group of redeivers. The enable 

· ·30 means may also be activated by the incoming siqnal 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 

35 digital data. The conversion means further includes 
circuitry for reconverting a digital signal to analoq 
format. Control means are provided for activating the 

imiiiillr · 
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conversion means and the diqital memory storaqe means 

responsive to the enable siqnal from the decoder means. In:.: 
the preferred embodiment, the control means also acts to 

deactivate the ·conversion means and memory means at the 
5 completion of the messaqe or after a predetermined period 

of time. Switchinq means are included for activatinq 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 

10 and the playback modes, and. amplifi_er means for listeninq 

to incominq analog signals and playback of stored messaqes. 

The system of the present invention is readily 

adaptable for use with wire communication systems such as 

single and multi-line telephone systems, intercom systems, .-
15 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 

20 high fidelity is required. The system of the invention 

employs circuitry that is readily installed with 

conventional transmission and receiving equipment. In a 

pref erred form of the invention, the system is adapted for 

receiving analog messages which are transmitted at hiqh 

25 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 is of 
critical importance in those areas where the radio 

.. Jo fr@quencies are ·crowded, -s~~h- as in paging systems where 

assigned frequencies are limited and there are a larqe 

number of subscribers utilizing the system. 

In accordance with one aspect of the present invention 

there is p~ovided a communications system for the 
35 transmission of analoq data at a first rate storage and 

playback of the message at a second rate. The system 
comprises transmitter means which includes a transmission 

......:-------·--········-- .. -·-·---
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buffer which communicates with a control terminal for the 
input of the data _ and with a transilli tter _ for sendinq the 

analoq messaqe. The: system further includes a receiver 

qroup includinq a receiver compatible with the transmitter 

5 for receivinq the transmitted siqnal and which includes 
circuitry for storinq the received siqnal in memory and for 
retrievinq the signal from memory and converting it to 

usable format. It will be understood tl)at siqnal rate 

conversion can occur prior to storinq the signal in memory 

10 or subsequent to the siqnal retrieval from memory but prior 
to playback. Also, the siqnal 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 .. 

15 which can be recognized by the receiver qroup so that 

messaqes can be sent to specific receivers ·at various 

transmitter rates. 

In accordance with another aspect, a cellular 

telephone havinq voice storage capabilities advantageously 

2 o records messaqes while a user is away from the cellular 
unit. The voice storaqe circuitry incorporated therein is 
easily adapted for portable applications due to the low 
current requirements and may be advantaqeously installed in 

the handset of a cellular telephone due to its small size. 

25 call answerinq circuitry is activated after a predetermined 

number of rinqs 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 messaqe 

'"':.· ··-
30 is -:transmitted 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-diqital voice 
35 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 

ii Ii Hr 
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message (oldest message stored in memory). is automatically 

erased first. 
In accordance·with one aspect of the analoq-to-digital 

voice storage cellular telephone, messages are recorded at 
5 a central cellular station in real time and subsequently 

transmitted 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 

10 is advantageous because incoming ~nd outgoing calls are 
generally 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 enterinq-a personal .. 
15 -identification code through the keypad· of a telephone which 

is compared with a prestored code. However, in the 
instance that the identif ica'1:ion code does not match the 
prestored address such as in the case of a wrong number, 

the incoming ·call is immediately termina~ed. This feature 

20 advantageously discounts costs associated with unauthorized 
callers. 

In accordance with yet another aspect, the analoq-to­
digital storage cellular telephone also provides a means 
for recording dictated messages and reproducing dictated· 

25 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. 

·Brief oe:scription of the Drawinas 
. ·30 -· The invention will be·"'l b~st understood in conjunction 

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

-··.~--· .. 

35 

Fiqure 1 is a block diagram of a digital voice storage 
system in accordance with the present invention: 

Fiqure 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 
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circuit of Figure 2 in more detail; 
Fiqure 4 is a schematic diaqraili. of a portion : of the 

switchinq circuit of Fiqure. 2, illustratinq the message 
rate control circuitry; 

s Fiqure 5 is a block diagram of an intercom system 
utilizinq the voice storaqe memory system of the present 
invention; 

Fiqure 6 is a schematic diaqram of the switchinq 
circuit of Fiqure 2, illustrating circuitry for the manual 

10 activation of the record function; an~ 
Fiqure 7 is a schematic diaqram illustratinq the 

circuitry of Fiqure 2 with increased Random Access Memory 
(RAM). 

Figure · a is a · block diagram of an anaroq message 
15 paging system incorporatinq the variable rate transmission 

and playback feature of the present invention; 
Figure 9 is a block diaqram of the transmission qroup 

in accordance with the present invention1 
Figure 10 is a block diagram of the.receiver qroup in 

20 accordance with the present invention; 
Fiqure 11 is a block diaqram of the modulation 

processor circuitry utilized by both the transmitter group 
and th~ receiver group; 

Figure 12 is ·a block diaqram o_f the circuitry of the 
25 modulation processor; and 

Figure 13 is a block diaqram of the receiver group 
decoder circuitry. 

Fiqure 14 is a block diagram of the transceiver 
circuit of an analoq-to-diqital voice storaqe cellular 

. ·30 telephone of the present in;ention. 
Fiqure 15 is a detailed schematic diagram of the call 

answering and terminating circuitry of the present 
invention. 

Figure 16 is a detailed schematic diagram illustrating 
35 the audio conversion, switching and control circuitry shown 

in Figure 2, together with the call answering and 
terminating circuitry shown in Figure 15 with additional 
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circuitry of the analoq-to-diqital voice storaqe cellular 
telephone of th• present invention. 

Fiqure 17 is a detailed schematic diaqram illustratinq 
the circuitry shown in Fiqure 7 toqether with the circuitry 

5 · shown in Fiqure 16. 
Qetailed Qescription of the Preferred Embodiments 
Referrinq to Fiqure 1, there is illustrated an analoq­

to-diqital data memory system, indicated qenerally as 10, 
constructed in accordance.with the present invention, which 

10 includes a power supply 5 and r~ceiver means 14 for 
receivinq incominq siqnals. The receiver 14 may consist of 
a radio receiver such as would· be utilized with an audio 
paqinq system or with two-way radio systems, or may ~e a 
telephone or similar type device. As such, a ~ransmitter .. 

15 (not shown)" will also be included in system 10. The 
incominq siqnals received by the receivinq ·means are 
transmitted from any compatible transmittinq device (not 
shown) which, as will be explained later, need not be 
especially modified for use with the rec~iver means 14 of 

20 the voice storaqe system 10. The transmittinq 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 incominq siqnal with the 
receiver address to determine if the incominq message 

25 signal is addressed to the system 10. The enable means 16 
can be adapted to monitor various types of encoded 
addresses such as, for example, diqital code, tone code or 
dual-tone multiple frequency (DTMF). If the siqnal code 
matches the receiver address, the decoder 16 issues an 

· 30 enable siqnal (pulse or co;tinuous signal) which activates 
the record/store functions of the voice storaqe system 10. 
The use of an address code with the incominq messaqe is not 
critical and, if desired, the enable can be simply a voice 
activated device ·.which issues the enable siqnal upon 

35 receipt of an audio messaqe · or a switch for manual 
activation for enterinq and storinq messages by the 
receiver operator. In one embodiment of the invention, the 
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decoder 16 is desiqned to emit a continuous enable siqnal 
durinq the duration of the incominq analoq siqnal, and the 
siqnal terminates at the end of the analoq siqnal. The 
termination of the enable siqnal from the decoder 16 is 

5 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 sensinq an incominq 

10 messaqe addressed to the system 10., and timer means are 
provided to return the system to the standby mode after the 
passage of a predetermined periOd of time from the initial 
enable pulse. 

Control means 18 for switching, resettinq and 
15 controllinq the circuitry of the system 10 acts in response 

to the enable siqnal from the decoder 16 to control and 
activate the various circuits of the voice storaqe system 
10. The incominq siqnal is passed on to the siqnal 
conversion means 20 for conversion from .analoq to diqital 

20 format, and on to memory means 22 for storaqe in memory in 
digital format. The control means 18 also includes 
switchinq circuitry for activating the voice storaqe system 
10 independ~ntly of an enable signal to recall from memory 
the stored messaqes and to' reconvert the messages from 

25 digital to analog format for replay. 
Audio amplifier means 24 are provided for listeninq to 

audio messaqes, both incominq and those retrieved from 
memory. Input means 17 are provided to directly enter 
messages to the control means 18 for conversion and storage 

. ~ -
30 by~the receiver operator. · 

Referring now to Fiqure 2, there is shown a schematic 
diaqram of the circuitry utilized in the control means 18, 
siqnal conversion means 20 and memory means 22 of the data 
memory system 10 illustrated in Fiqure 1. As illustrated 

35 in Fiqure 2, certain optional features of the system 10 are 
shown in phantom, and it should be understood that the 
system 10 is operable without any of the optional features, 
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and that the selection of the particular optional feature 

to be incorporated ·in the circuit is a matter of choice, 

dependent upon the nature· of the receiver in which the 

system is installed and the selected operatinq parameters 

5 for the system. 

The power supply 5 comprises any suitable source of 

power and preferably has a potential of at least 3 vol ts. 

The control means 18 (as shown in Figure 1) electrically 

communicates with the decoder 16 (not shown) throuqh an 

10 input loqic bufter 26 to a loqic blockinq circuit 56. The 

loqic blockinq circuit 56, which is of conventional diode 
desiqn, distributes the enable ·signal (loqic high) through 
a start line 30 and a record/play line 31 to a 

microprocessor 32. When the enable means or decoder 16 is .. 

15 of the type that issues a continuous logic high durinq the 
duration of the analog siqnal, it is hiqhly preferred to 
include circuitry for automatically returning the system 10 

to the standby mode upon completion of the analoq siqnal, 
as indicated by a termination of the logic high. For this 

20 purpose, a trailing edge detector 42 is connected to a 

logic inverter 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 incominq analog siqnal is input to the 

25 microprocessor 32 through an analoq input couplinq 96 of 
conventional desiqn. An audio switch 66 is connected to 

the microprocessor 32 by a line 98 for monitoring the 
incoming analog signal during the record mode. For 
automatic resetting of the ~ystem 10 to permit a sender to 

30 reeord over messages already in memory,· there may be 

included a leading edqe detector 36 to .which the logic hiqh 
is conveyed from the logic blocking circuit 56 by means of a 
line 34. The leading edqe detector 36 is of conventional 
design and is connected to the microprocessor 32 throuqh a 

35 reset switch 38 and a reset line 40. 

A playback switch 58 is connected to a switchinq 
controller 60. The switching controller 60, more clearly 
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illustrated in Fiqure 3, consists of an inverter 112 and an 
inverter 114 which are c:Oupled by resistors 116, 118 in a 
bi-stable (two-stable) state· circuit· of conventional desi~ 
whose output at lines 102, 160 is normally low until 

5 inverted by activation of the switch 58 to initiate the 
playback mode. The output of the switchinq controller 60 
remains hiqh until it is inverted to its normal low by a 
reset switch 108. 

The diqital-to-analoq conversion and analoq-to-diqital 
10 reconversion is accomplished by the microprocessor 32. The 

microprocessor 32 is of commercially available desiqn, such 
as one manufactured by Toshiba ·under Model No. T6668, and 
is provided with circuitry for convertinq analoq to diqital 
and reconvertinq diqital to analoq. such conversion .. 

15 circuits are well known in the art and operate by 
qeneratinq an internal time base, sampling the analoq 
siqnal input . at some predetermined point in each of the 
time base segments, and then qeneratinq a diqital output 
responsive to the sample level obtained durinq t-he sampling 

20 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 

25 system 10, when utilizing all four RAM banks, can store up 
to about 9 minutes of audio message at a bit rate of 
8K BPS. Additional memory banks may be added as desired or 
needed, especially · if the receiver operator intends to 
carry out a substantial amount of messaqe recordinq, such 

~ .. 
· 30 as -where the system 10. is to be used as a dictatinq unit. 

In operation, an analoq messaqe, audio or data, is 
transmitted from a transmitter (not showri) to the receiver 
means 14 (Figure 1). The messaqe may be transmitted by any 
suitable means such as wire or wireless, and preferably is 

35 preceded by a desiqnated address code of any of the 
commonly used types such as tone, DTMF, diqital or the 
like. The analog signal received by the receiver 14 is 
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transmitted to the ·. enable or decoder 16 which, if the· 

proper designated code is present or if the enable of 

decoder 16 is a vox circuit, emits an enable siqnal (logic 

high) through the input logic buffer 26 to the loqic 

5 blocking circuit 56. In the embodiment of the invention 

described thus far, the decoder 16 is of the type which 

emits a continuous loqic high for the duration of the 

incoming analoq siqnal. The loqic high is conveyed through 

loqic; blocking circuit 56,. the start line 30 and the 

10 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 p~lse to close the reset switch 38. In the 

closed position, the reset switch 38 completes tlie circuit, .. 

15 ·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 

20 circuit of the microprocessor 32 through the input audio 

coupling 96. After conversion of the analog signal.,. to 

digital format, the converted siqnal is then conveyed' to 

the RAM 78 for storaqe in memory: When reception of the 

analog signal ceases, the enable or decoder 16 terminates 

25 the logic high which activates the trailing edge detector 

42, bringing it to a loqic low. The loqic low is indicated 

to the loqic invertor 46 through the line 44, and the loqic 
invertor inverts the low to a logic high which is conveyed 
through the stop line 48 to ""the microprocessor 32 to 

. ·30 

35 

"": 

terminate· the. conversion ·and record process. ·Termination 

of the logic high also returns the start line 3 o and the 

record/play line 31 to their original standby logic low 
condition, 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 

5 a logic high through the line 102 to simultaneously close 

the switches 62, 66. The siqnal, 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 24 

10 (shown in Fiqure 1). Upon completion of, the messaqe 

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 .. 

15 and which returns the switches 66, 62 to the open position. 

20 

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 

it will be understood 

the invention thus fa~ described, 
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 inc~ming signal will be 

converted and stored over any messaqe or data already in 

25 memory. The system 10, however, is readily adapted for the 

storage of a sequence of messaqes in memory and protection 

of stored messages by select! ve reset circuitry or manual 
reset circuitry which must be activated to initiate the 
messaqe record and conversion mode after memory is full of 

'"':. ·-·· 
· 3 o unplayed messages or data. · 

As shown in Fiqure 2, assuming that the leadinq 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 

35 memory for recordinq over material already stored in 

memory. The system 10 requires no further reset in order 
to record multiple . messages until the respect! ve memory 
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bank is fu1·1, at which time a stop en~ble is generated 
within the microprocessor 32 and m~ory for that bank is 
protected until reset. As illustrated most clearly in 
Figtire 3, a memory address selector or messaqe counter 50, 

.s 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 

·10 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 ·logic hiqh from the logic 
blocking circuit 56c. 

A manual reset switch 75 is provided for resetting the .. 
15 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 discharqe 

20 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 

25 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 
~ . 

- ·30 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. In operation, the timer 52 is initiated 
by the logic high and, upon expiration of a preset period 

35 of time, issues a negative pulse to the logic inverter 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 

5 full. The message indicator 54 may be a light, LED or a 
de!ice 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 
10 2 and J also optionally includes record/playback rate 

circuitry which enables the system to receive, convert and 
record messages at a 1-bi t rate and playback the messages 
at a different bit rate. The maximum rate in BPS is 
determined by the particular microprocessor employed in the .. 

15 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 

20 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. 

25 As illustrated, the rate selector switches 72a, 72b 
are both open producing low input and high output at 
inverters 68, 70 so that both lines 74, 76 are high. In 
this condition, the microprocess.or will record and play 
back at the same rate of speed, in this case 32K BPS. When 

. "':. -
··30 the· playback switch 58 is· closed, 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 inverter 74. In 
this configuration, the output of the inverter 68 is low, 

35 causing line 74 to be low while the output at the inverter 
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 l6K BPS. The bit rate output is selected by 

2-bit codes so that four rates are selectable, depending 

upon the positioriin<J of the rate selector switches 72a, 

72b. 

5 The operational mode of the system 10 can be manually 

10 

controlled to allow the receiver operator to play back 

messaqes and to interrupt the playback at any point to 

return the system 10 to the standby mode for receiving 

additional messaqes or data. 
Referrinq to Figure 6, a capacitive memory circuit 300. 

·of typical desiqn is composed of capacitor 301 and resistor 

~02. The capacitive 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 chanqe-state with 

15 each momentary closure of the switch 58. When the playback 

switch 58 is closed, the line 160 of switchinq controller 

60 becomes high, distributinq. a loqic hiqh 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 

20 of the switch 58 produces a hiqh-to-low line transition 

which is conveyed to the trailinq edqe detector 42. The 

trailing edqe detector initiates a siqnal to the loqic 

inverter 46 I Which inverts the Siqnal tO a logic hiqh, 

which is conveyed through the stop line 48 to the 

25 microprocessor to terminate the record and data conversicin 

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 
"':. ·-

. · 3 o an -·operator may dictate inessaqes 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 3 00' which is connected to a manual record switch 

35 59, a second switchinq controller 60' and a second reset 

switch 108'. As is shown, the manual record circuitry is 
the complement of the manual playback circuitry. However, 
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closing the manual record switch causes the switching 

circuit to issue a high signal throuqh the line 34 to the 

leadinq edqe detector 36 which in ttirn initiates a pulse, 

causinq the microprocessor to be initialized for receiving 

5 a messaqe, as previously described. The message is entered 

through· the microphone 17 (Fiqure 1) which communicates 

10 

with the control circuitry 18. 

pref erred 

The RAM 78 

314, each 

comprisinq four RAM chips of conventional design. It will 

be ·understood, however, that aadi tional RAM banks _may be 

added to increase memory capacity as ·well as addinq 

additional RAM chips to the RAM banks. A counter circuit 

Figure 7 shows a block diaqram of the 

configuration of the RAM 78 of the system 10. 

comprises four banks, 311, 312, 313 and 

15 320 and a RAM bank selector 330 are provided for addressinq 

incominq data arid 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 

2 o 33 O. · The bank selector 33 o 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 may be configured in the 

same manner as CAS l (bus 332) to additional RAM bank 

25 selectors for the expansion of memory. 

In a preferred embodiment, the counter 320 is 

conf iqured in a manner that produces an up count responsive 

to the record and conversion mode, and a down count 

responsive to the play~ac~ functions. In such a 

· ·30 configuration, the last messaqe recorded is the first 

message reproduced durinq 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 

35 the counter 320 to count up in binary code responsive to 

each pulse received. The count, 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 Of the playback mode, 
the counter receives a pulse at the down input terminal 

5 which causes the counter to count down in binary code which 
is conveyed to the bank selector 330. RAM bank selection 
for playback beqins with the last RAM bank to receive a 
messaqe. Durinq the record or the playback functions, the 
CAS 1 (bus 332) of the microprocessor 32 is switched to the 

· 10 desiqnated 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 microprocessor be configured with a 

15 ·static version of RAM, and that the dynamic version of the 
microprocessor be confiqured with a dynamic version of RAM. 

Referring now to Fiqure 5, there is illustrated a 
telephone system incorporatinq an analoq-to-digital data 
storage system in accordance with the invention. In the 

20 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, 202' includes a power supply 212, 
as in the case of a conventional telephone. A send/receive 

25 switch 216 (push to talk) is provided in each transmitter/ 
receiver 202, 202' for makinq the transmitter circuit 
during transmission and for breaking the transmitter 
circuit 222, and completing the circuit to the receiver 214 
during reception of a message. It will be understood that 

-: -
· ·30 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. 

35 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 
·.:systems. The receiver transmitters 202, 202' also include 
a decoder 220 which is connected to an analog-to-diqital 
data storaqe system 222 of the type previously described in 

5 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 

10 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 

15 the playback function would be activated by entering a 
personal identification code throuqh the keypad of a 
telephone (not shown). 

The operation of the intercom system is illustrated in 
Fiqure s, with the transmitter/receiver 202 set to transmit 

20 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 202 1 • 

The transmitter/receiver 202' is ln the receive mode with 
its transmit/receive switch 216 completing the circuit from 

25 the wire 204 to the analoq-to-diqital storaqe 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 

1 - . 

· ·30 transmission to the transmitter/receiver 202 1 • As 
mentioned _above, the encoder switch 219 wiil 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 

35 set for reception with the transmit/receive switch breaking 
the transmitter circuit and makinq 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 
s and, if addressed to receiver/transmitter 202'issues ~e 

logic hiqh 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 recordinq of the analoq messaqe to 

10 diqital form is carried out by the. circuitry .222 in the 
manner described above in conjunction with Fiqures 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 

15 playback switch 226 which initiates the playback circuitry 
so that messages in the memory are reconverted to analoq 
form and output to the receiver 214. 

It will be understood that a message may be stored in 
the transmitter/receiver 202 or 202 1 from any remote unit 

20 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 

25 operatinq optically and the voice storage system 10, as 
illustrated and described in connection with Fiqures 1, 2 
and 3, and may be readily installed in such 
transmitters/receivers. 

Referring to Fiqure 8, there is illustrated an analoq 
-: 

· ~o communications system for the transmission of data in 
analoq 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 

35 transmission rate data, message 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 analoq m~ssage modulated to the 

selected transmission rate. A transmission packet 

5 consisting of the modulated analog message and preceded by 

an address code and code for controlling 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 

10 frequency, infrared, or visible frequencies or hard wired, 

such as by telephone. 
· The transmitted data is captured by the receiver group 

14 which inclu_des receiver means 15 capable of receiving 

the signal from the transmitter · means 13. Thi" signal as ·· 

15 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 

preprogrammed address code. If the transmitted address 

code data matches the preset .. ~d.dress code of the receiver 

20 qroup 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 

speaker means 17 for the playback of recorded data. 

The coding, decoding and signal modulation includinq 

25 _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 siqnal input for_ tl!,e receiver group is derived 

· 3 o from the receiver 15 and the control commands from the 

circuitry of the decoding and modulation means 16. The 

encoding and decoding circuitry of both the transmitter 

group 10 and the receiver group 14 are of conventional 
desiqn_ and do not per se form a part of this invention. 

35 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 b~ compatible with the code _generator circuitry of 

the transmitter qroup 10. As mentioned, the transmitted 

code may include an address which is input from the control 

5 terminal 11 so that the messaqe is received and stored at a 

particular designated receiver qroup 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 

10 circuitry of the receiver group 14 as will be described in 

more detail hereinafter. 

The operation of the transmitter qroup 10 is best 

understood in conjunction with Figure 9 in which the 

message modulation and code generation circuitry 12 is .. 

15 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 messaqes in queu~, issues an analog message to 

the modulation processor 12a and the address· and rate codes 

20 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 

25 processor which determines the rate at which the analoq 

message is transmitted and immediately following the 

transmission of the address and rate codes, the analoq 

message is conveyed tct. the transmitter at the designated 

rate for transmission. Th~s, _the modulation processor 12a 
· ·30 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 

35 codes match. The decoder circuitry 16b also sends a signal 

correspondinq 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 analoq-mes~aqe siqnal is 

conveyed to the modulation processor 16a from the receiver 

15 where the data is preferably converted to diqital format 

and stored in memory. Upon activation of a playback 

5 function by the receiver qroup operator, the stored 

playback rate command is issued by the decoder 16b in the 

manner to be described hereafter and the messaqe is 

recalled from memory, reformatted into analoq format and 

replayed at the command rate through the amplifier and 

10 speaker means 17. 

The decoder 16b may be preset to issue a fixed record 

and playback rate code such as - is the case where messaqes 

are always transmitted at the same rate so that the record 

and playback rate can be fixed. However, for maximum .. 

15 flexibility it is preferred that the decoder 16b be adapted 

to issue different record and playback rate codes so that 

the same receiver qroup can ·receive, record and playback 

separate messages which have been transmitted at different 

rates. 

20 The circuitry of the modulator· processor 12a of the 

transmitter qroup 10 and the modulator processor 16a of the 

receiver group 14 is very similar and operates in 

substantially the same manner whether it is being used for 

transmitting or receiving. The circuitry essentially 

25 performs three functions1 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 c~ntrol logic commands. Signal 

· ·30 con"\Tertor circuitry 20 may be optionally included to 

convert data contained in the signal from analog to digital 

for storage and from digital to analog for transmission or 
playback. 

Referrinq now to Figures 12 and 13, there is shown a 

35 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 

.. ·.; , ... 
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in Figures 9, 10 and 11. The term audio will used 
throughout to designate 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 

5 and playback forms are used in the system as well. 
As illustrated in Fiqure 12 and Fiqure 13 , certain 

features which are present in the modulator processor 

circuitry l6a of the receiver group 14 and which are not 

utilized in the modulator processor circuitry 12a of the 

10 transmitter group 10 are shown in p~antom. 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 will apply 

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

the transmitter group 10. 
A power supply 5 compr~ses any suitable source of 

power and preferably has a potential of at least 3 volts. 

output from the decoder 16b to. the con:trol circuitry is 
20 through an input loqic buffer 26 to a logic blocking 

circuit 56. The loqic blocking circuit 56, which is of 
conventional diode desiqn, distributes an enable siqnal 

(logic_high) through a start line 30 and a record/play line 

31 to a microprocessor 3 2. In the receiver group 14, if 

25 the decoder 16b is of the type that issues a continuous 

logic high during the duration of the incoming analoq 

signal, it is highly preferred to include circuitry for 
automatically returning t:,he circuits to the standby mode 
upon completion of the analog signal as indicated by a 

-: . 
. ·30 te:cmination 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 
35 of the transmitter group 10 such circuitry is unnecessary 

since the control of the switching circuits is by the 
control terminal. 

I 
j 
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The incoming analog signal is ·-input to the 
microprocessor 32 throuqh an analog input coupling (audio 
coupling) 96 of conventional design. An audio switch 66 is 

connected to the microprocessor 32 by a line 98 for 
5 moni taring the analog signal during the record mode. For 

automatic resettinq 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 

10 leading edge detector 36 is of conventional 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 switc~ing controller 60... The switching controller- 60 

consists of a pair of inverters which are coupled by ·· 
15 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 

20 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. 

It is highly preferred to store data in the memory· 22 

in digital form in order to conserve space. This 

25 particularly is the case for the receiver group 14, 

al though 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 

· ·30 siqnal converter circuitey ·20 although it is not critical 

to the operation of the modulation processor circuitry. 

The digital to analog conversion and analog to 10 

diqital reconversion is accomplished by the microprocessor 

32. The microprocessor 32 is of conventional design, such 

3 5 as the microprocessor 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 analoq siqnal input at some predetermined point in each 
of the time base segments, and then generating a digital 

5 output responsive to the sample level obtained during the 
samplinq 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, 

-10 that memory is not so limited and ~dditional banks of RAK 
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 'Dit chips. .. 

15 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 i4 is to be used as a note or memo storing 
unit. 

20 The rate circuitry which enables the system to 
transmit, receive, record and playback messages at 
different clockinq rates determined by the terminal 11 for 
the tr~nsmission group and by the decoded rate codes at the 
receiver group is most clearly shown in FIG s. The rate 

25 circuitry includes rate switches (inverters) 68 and 70 
which are connected to the microprocessor 3 2 by lines 74 
and 76 respectively. A rate selector 72 is operated by the 
output of the switcliing controller 60 at line 160 by lines 
79 and 81 to control play~ack speed. In the modulation 

. -30 prcwessor 12a of the transmitter group 10, the playback 
rate, which is the transmission rate, is under the control 
of the control terminal 11 and thus the inverters 68 and 70. 

and the rate selector 72 and the associated circuitry are 
not used. 

35 In its standby configuration, the rate selector switch 
72 is positioned t,o produce a low input and a high output 
at inverters 68 and 70 respectively so that both lines 74 
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and 76 are high. In this condition the m~crop~ocessor will 
-

record and playba~k at the same rate of speed, in this case 
32K BPS. When the playback switch 58 is closed the high·· 

output from the switchinq controller 60 passes through the 

s line 79 to the rate selector 72 which produces a high input 

at inverter 68. In this confiquration the output of the 

inverter 68 is low causing line 7 4 to be low while the 

output at the inverter 70 is high causing line 76 to be 

high. In this confiquration the microprocessor will 

10 playback messages at a rate of l~K BPS. The BIT rate 

output is selected by 2 BIT codes so that 4 rates are 

selectable dependinq upon the- positioninq of the rate 

selector switch 72. The maximum rate in BPS is determined 

by the particular microproces~or·employed in tht!system and 

15 in the embodiment described herein the maximum rate is·J2K 

BPS. Upon completion of the message reproduction and 

playback, the microprocessor ~2 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 

20 condition returninq 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 •. · 

25 In operation, the data to be transmitted is input to 

the memory 22 of the modulation processor 12b of the 

transmitter qroup 10 and held pending a transmit command. 
The transmit command includes an address code and rate code 

which are sent to the code qenerator 12b and then to the 
~ ·-. 

· · 3 o transmitter 13. Immediately followinq 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 

35 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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transmitter 13. 
The analoq messaqe, audio or data, is transmitted by 

the transmittel'.- 13 to the receiver 15 (Fiqure S). The 
message is preceded by a designated address code of any of 

5 the commonly used types such as tone, DTMF, digital, or the 
like and includes a playback rate code and may also include 
a lenqth of message code. The analoq_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 

10 a vox circuit, emits an enable signal (loqic 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 .. 

15 logic high is conveyed through logic blocking circuit 56, 
the start line 3 o and the record/playback line 31 to the 
microprocessor 32. In addition, the loqic 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 

20 switch 38. In the closed position, the reset switch 38 
completes the circuit momentarily pullinq the reset line 40 
to a logic low to initialize the microprocessor 32 and reset 
memory_ for receivinq a new message. The incoming analog 
signal, which for purposes of illustration is described as 

25 an audio message, is transmitted to the analog to digital 
conversion circuit of the microprocessor 32 through the 
input audio couplinq 96. After conversion of the analoq 
signal to digital format the "'converted signal is then · 
conveyed to the RAM 78 for storage in memory. When 

"': ·-
. ·30 reception of the analog· signal ceases, the ·decoder 14 

terminates the loqic high which activates the trailinq edge 
detector 42 brinqinq it to a logic low. The logic low is 
indicated to the logic inverter 46 through the line 44 and 
the logic inverter inverts the low to a logic high which is 

35 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 original _standby logic_ low 
condition placing the system 10 in a standby mode in which 
very little powef is required. 

To retrieve and playback a digital message stored in 
5 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 

10 time the switching controller 60. outputs a logic high 
throuqh the line 102 to simultaneously close the switches 
62 and 66. The signal, whit:h has been reconverted to 
analoq format, is directed from the microprocessor 32 by 

the line 98 through the audio switch 66 and Output audio 
15 coupler 95 to the amplifier means 17 (Fiqure 8). 

Referrinq to Figure 13 where like numbers ref er to 
like parts, the decoder 16b is adapted for issuinq a 
different record and playback rate codes for each 
individual message stored in memory by. the provision of 

20 rate memory 370 with which the decoder 16b communicates by 
lines 371 - 374. The line 371 is the enable line which 

25 

.. 30 

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 
a~d stored in the memory 370, the line 371 is disabled and 
the line 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 through the lines 
373 and 374. The line 372 is then disabled and a line·381 
from decoder 16b is enabled. The line 381 activates the 
record ci'rcui try of the system through the input . logic 

35 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 line 381 is 

enabled. The record speed 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 

10 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 secf"ors of the 

15 ·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. In this fashion, stor~d messages are matched to 

:o 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 incominq, 

25 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 16a, however, is readily adapted for the storage 

of a sequence of messages in memory and protection of 
"':. -· 

30 stored messages by selective 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 edqe detector 36 is 

35 removed from the system 10 and the reset switch 38 is 

manually activated to reini tiate the microprocessor 3 2 in 

the manner already described to reset memory for recording 
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over material already stored in memo~. The sys~em 

requires no further reset in order to record multiple 

messages until the respective memory bank is full, at which 

time a stop ·enable is qenerated within the microprocessor 

5 32 and memory for that bank is protected until reset. As 

illustrated in Fiqure 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 

10 be understood, however, that o~er 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 

3 o for receipt of the logic hiqh . from the logic blockinq .. 

15 circuit 56. 

A manual reset switch 7 5. is provided for resetting the 

messaqe address to its ini~ial address setting for the 

playback of messages stored in the memory. Playback of 

messaqes occurs in the manner already des_cribed except that 

20 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 recordinq over messaqes already in RAM. 

25 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 

terminal 11. 

In an alternative form of the invention, a timer 52 
-: -

· ·30 may be used in place·ot the trailing edge detector 42. The 

use of a timer is particularly required when the decoder 

16b is of the type which emits a single pulse in response 

to a properly addressed incoming siqnal. As illustrated in 

Fiqure 12, the trailinq edge detector 42 and the line 44 

35 are eliminated from the circuit and the timer, of 

conventional desiqn, is connected to the line 43 for 

receivinq the logic high ·from the input logic buffer 26. In 
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operation, the timer 52 is initiated by the loqic hiqh and 

upon expiration of a 

negative pulse to the 

logic high to the stop 

preset period of time, issues a 

loqic inverter 46 which issues a 

line 48 to place the system 10 in 

5 the standby mode in the manner already described. 

As illustrated in Fiqure 12, a message indicator 54 

may be included to indicate the arrival of a siqnal and the 

indicator 54 may also be employed to indicate that memory 

space is full. The message indicator 54 maybe a light, LED 

10 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 monl. toring, as .. 

15 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 

20 transmitted at a slower rate to retain the fidelity of the 

message and later played back at its normal rate without 

loss of fidelity. 

Fj.qures 8 through 12 illustrate a cellular telephone 

incorp~rating an analog-to-digital storage system in 

25 accordance with the present invention, as described 

hereinafter. The circuit descriptions with respect to 

cellular telephones are compatible with either portable 
hand held or mobile use. The general operation of the 

. -
cellular telephone described herein is typical in the art 

-:. . 
- · 30 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, 

35 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 



-37-

:for the generation of DTMF tones used _to signal remote 
devices_ such as ~redit card dialing or for long distance 
services. In the preferred embodiment, another such push 
button is programmed to activate the analog-to-digital 

5 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 analoq­

to-diqital voice storage cellular telephone connected to a 

10 battery 513. The transceiver cirpuit 500 receives and 
monitors a control channel frequency transmitted by a 

remote transmitter. The transceiver circuit 500 typically 
includes a power supply 512 which requlates and distributes 
the necessary operating voltages·. The transceiver circuit 

15 500 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 storaqe cellular telephone, voice storage 

circuitry 510 processes, stores and reproduces messages. 

20 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 

25 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 pl7. 

In operation, upon recei vinq a paqe or a call, the 
'"':. ·-

30 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 takinq the handset of the cellular telephone off 
the hook or by pushing the send button in response to some 

3 5 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 se~d 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 

5 the call request, the cell system transmitter transmits 
specific commands to the transceiver circuit 500 again 

establishinq communications over designated 
transmit/receive frequencies (channels). To end a call, an 

operator may push the end button thereby qenerating an end 
10 command request which is transmitted by the transceiver 

circuit 500 to the cell system wherein the cell system 

terminates the call. Durinq voice communications, a SAT 

(Supervisory Audio Tone) siqnal in the range of 
approximately 6,000HZ is transmitted from the cell system 

15 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 

20 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 

25 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 voice storage circuitry 510 comprises call 
answering and terminatinq circuitry s·1s, shown generally in 

-:. . 
30 Fi4)Ure 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 Fiqure 15, when the voice 
storage cellular telephone is activated by the cellular 

35 subscriber, switches 528A and 5288 are closed. When the 

telephone handset is "on hook" and the switch 528A is 

closed, a rinq counter 520, after a predetermined number of 
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rinqs produces an enable output siqnal on line 534. The 

rinq counter 520 may preferably be of the kind used with 

answerinq machines ·for standard telephones. In addition, 

the counter 520 may be substituted with a timer, or any 

5 other means known to those skilled in the art, to produce 

an enable output siqnal 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 

10 may be of commercially available desiqn used with existinq 

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 siqnal and in 

response thereto produces an enable hiqh on a line 539. 

15 The output lines 534 and 539, from the rinq counter 520 or 

timer and the SAT detector 524, respectively, are connected 

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

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

line 540. 

20 In operation, a ring or paqe signal from transceiver 

500 throuqh switch 528A is input to the rinq counter 520, 

where after a predetermined number of rings, an "off book" 

enable pulse throuqh line 531 is produced which enables the 

cellular telephone to answer the call. This is the same as 

25 manually pushinq the send button to answer the call. Rinq 

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 recei vinq a continuous enable signal 
""' 

on line 535, the timer 522 is preset to disable the ring 
~ 

· 30 counter 520 after a predetermined 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 

35 pulse to the ring counter 520 to reset the ring counter to 

its oriqinal 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 

5 detected by the SAT detector 524, and the SAT detector 52.4 

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 rinq counter 520 and the 

SAT detector 524 on lines 534 and 539 simultaneously. Once 

10 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 predeterminea period of .. 

15 -. 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 

20 in more detail hereinafter. 

Figure 16 illustrates the audio conversion, switching 

and control circuitry shown in Fiqure 2 and previously 

described, in conjunction with •the call answering and 

terminating circuitry 518 and additional circuitry of the 

25 voice storage cellular telephone. 

Figure 17 illustrates the overall combination of the 

circuitry shown in Figure· 15 toqether with the analog-to­

digi tal storage system previously. described and shown in 

Figure 7. 
"': -· 

30 Referring now to ·Figures 16 and 17, there is 

illustrated the preferred embodiment of the analoq-to­

digi tal voice storage system. A leading edqe 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 

35 542 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 line 

533 when the switching controller 537 is activated by the 

output of :Puffer 541. A reset switch 527 resets ·the 

switchinq controller 537 upon receiving switching commands 

5 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 

10 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 leading edge 

detector 54~ creating a pulse on line 542 to buffer 541. 

The output of the buffer 541 is connected to swi tchinq 

15 controller 537 for creating an activation signal on line 

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, 

20 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 

25 command is generated 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 st}lte. A logic blockinq circuitry 546 has 

been added to isolate the line 30 from the trailing edqe 
~ -

· 30 detector 42. In the circuitry 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 

35 hereinafter. A trailing edge detector 550 is connected to 

the line 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 qenerated · on line 555 to activate the record store 

functions Qf the digital voice storaqe circuitry Of 

transceiver 500 in a manner previously described. 

5 . 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 

analoq voice siqnals on an input line 559. The vox circuit 

· 10 560 produces a disable output when it detects analog voice 

messaqes beinq input and the disable output resets the stop 

time~ 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 .. 

15 timer 558 resets and disables the vox circuit 560. A 

default switch 554 selects either the record memory for the 

recordinq of messaqes or . the play memory for the 

transmission of an outqoing message. During the "play 

mode," line 549 is enabled which causes the default switch 

20 554 to select memory 570 (Bank 5). When there is no 

enabling siqnal on line 549, the- default switch 517 selects 

the record memory. 

Manual record functions are provided for recording 

messaqes dictated by a user or messaqes from a caller 

25 received at the cellular phone and for recording pre-stored 

outqoinq 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 
"':. ~-. 

·30 both record and playback "functions. Automatic record and 

playback functions are provided to automatically transmit a 

pre-stored voice message in response to receiving a call 

and automatic;: .. recordinq of incoming messaqes. The trailing 

edge detector 550 may be optionally supplemented with a 

35 DTMF decoder coupled ~o 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 message can preferably prompt the caller to enter a 

5 security code, after which th·e 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 previously described and 

10 the caller's message is recorded. In the event where the 

caller's identification code does not match the prestored 

identification code, the decoder generates an "On Hook" 

enable to b:r;-eak the message path and terminate the call. In 

this manner the voice storage system of tne present .-

15 invention prevents unauthorized use of its message storage 

features and thus advantageously reduces subscribers costs.;. 

The present invention also monitors the voice channel and 

disconnects ("on hook") the cellular telephone when a 

message pathway is interrupted in any way to reduce 

20 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 

25 may also ·be performed using digital signalling techniques. 

As described herein, the voice storage system of 

the p~esent invention may be incorporated in various 

communication systems such as two-way radio, . telephone, 

intercom, mobile telephon~s and the like. The voice 

· ·30 storage system of the present invention will find 

application in medical recording, industrial monitoring, as 

a voice scratchpad and the like, in addition to paging 

systems. The system of the present invention is readily 

incorporated in various receivers and 

35 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 re~irements and thus 
is particularly well suited for use in paqinq systems where 
the remote · receiver must be small. ' and light, and, of 
necessity, has a limited power supply. 

5 Having described the invention in connection with 

10 

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. 



-45-

WlfAT IS CLAIMED IS: 
1. A voice storage telephone operating in cooperation 

with a plurality of transceiver stations without operator 

intervention, having a transceiver for transmitting and 

s 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: 

10 call answering circuitry ~utomatically answering 

15 

20 

25 

incoming calls from said transceiver station, said call 

answering circuitry automatically activated without 
user intervention after a predetermined period of time 

subsequent to receiving said call notifica~ion signal 

and generating an off-hook enable signal: 

detection circuitry connected to said call 

answering circuitry, sai~ 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 circuitry, said transmission circuitry 

t~ansmitting a pre-recorded me~sage 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 answering circuitry and said detection enable 

siqnal from said detect~on circuitry; and 

. 30 playback circu·itry 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 Claim 1, additionally 

35 characterized by: 

call terminating circuitry coupled to said 

detection circuitry, said call terminating circuitry 

I lllllll llllll lllll lllll II llll 
* C L M S * 
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generating an on-hook enable when said detection 

circuitry does not detect said clear channel signal. 

3. A voice storage telephone operating in cooperation 

with a plurality of transceiver stations without operator 

5 intervention as defined in Claim 1, additionally 

characterized by: 
rate conversion circuitry coupled to said messaqe 

recording circuit, said rate conversion circuitry 

causing messaqes to be recorded in said message 

10 recording circuit at a different rate than said 

messaqes 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, aaditionally 

15 .characterized by: 

20 

a register having a prestored code; 

a comparator compar_ing a personal identification 

code entered by a caller at a remote transmitter with 

said prestored code, said call answering circuitry 

qeneratinq 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 plurality of transceiver stations without operator 

25 intervention as defined in Claim 3, additionally 

characterized in that said call terminating circuitry 

automatically disconnects said incoming calls responsive to 

said comparator if said personal identification code does 

not match said prestored c~e. _ 

. -30 6. A voice storage telephone operatinq in cooperation 

with a plurality of transceiver stations without operator 

intervention as defined in Claim 1, additionally 
characterized by: 

a recording switch connected to said message 

35 recording circuit, said message recording circuit 

recording dictated voice messaqes or telephone 

conversations responsive to said recording switch, said 

I 111\11\ l\\l\l lllll l\1\1 \\ \II\ 
* C L K S * 
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record~ . .., switch acti~ated by saics· ce1lu1ar subscriber 
to retrieve said messages. 
1. A voice storage telephone operating in cooperation 

with a plurality of transceiver stations without operator 
intervention having a transceiver for transmittinq and 
receivinq voice messages from a remote transceiver via 
said transceiver station without intervention by a cellular 
subscriber, wherein the improvement is characterized by: 

a re9eiving circuit responsive to a call 
notification signal from said ~ceiver station: 

ca1l answering circuitry automatically answering 
incoming calls from said transceiver station, said call 
answering ·circuitry aut~tically activated without 
user intervention after a predeteJ:mined period of time .. 
subsequent to receivinq said call notification siqnal --· . --- .. ·- .. . - .. ... .. -
and generates an off~hook enable siqnal: 

a message recording circuit cliqitally 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 recording circuit responsive 
to said off-hook enable signal from said call 
answering circuitry: 

playback circuitry coupled to said message 
recordinq circuit and reproducing said voice messaqes 
at said normal spe~ch frequency. 
a. A method for receiving and recording voice 

messaqes from a remote transmitter via a cellular station 
without intervention by a cellular subscriber, wherein the -. ..... 
improved method is characterized by the steps of: 

receivinq a call ·notificati·on signal from said 
transceiver station: 

automatically answering incominq calls from said 
transceiver station without user intervention after 
verification ct a clear channel, subsequent to 
receivinq said call notification signal, and generatinq 
an off-hook enable signal1 
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sensinq a clear channel siqnal. transmi tte4 from 

said transceiver station and ~transmitting a pre­

recorded messaqe to said transceiver station in 

response thereto; 

diqitally recordinq said voice messaqes in 

response to said off-hook enable siqnal; and 

reproducinq said voice messaqes in response to an 
operator command. 
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