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1. Field of the Invention This invention relates to paging receivers
more particularly, to a paging receiver for recei ving information including
anal og voi ce messages, digitizing the analog voice nessages 5 and
storing the voice nessages in a nenory for-playback. 2. Background of the
I nvention Conmuni cations systens in general and pagi ng systens in
particular using transmtted call signals have attai ned w despread use for
calling 10 selected receivers to transmt information frdME4EEE station
rtransmitter to the receivers. Mdern paging systens and pagi ng receivers in
particul ar have-achieved _nultifunction capabllltles t hrough the use of
m croconputers which al | SASIIEIERSTORED VQIGE: RAGING, RECRIVER t o
i nf ormati on havi ng vari ous conbi nati ons of tone, tone and voi ce, or data

“messages. This intqr RS ng any nunber of paging coding
schenes and mssaé&gwg %'FI'R% % s WI:L@] of such paging receivers, 20
i nportant factors involved lFrJ.etlltblcrf S ysferitigperation is the portabl lity
of the receiver, the Iimte¢3Rer;g¥, \{ﬁéfx?lltee.l.gﬂs the ﬂa%i?{rj’er the limted

availability of the radio spectrum
receivers, and more particularly, to a paging

receiver for receiving information including analog
voice messages, digitizing the analog voice messages
5 and storing the voice messages in a memory for
playback.
2. Background of the Invention

Communications systems in general and
paging systems in particular using transmitted call
signals have attained widespread use for calling

10 selected receivers to transmit information from a
base station transmitter to the receivers. Modern
paging systemé and paging receivers in particular
have achieved multifunction capabilities through the
use of microcomputers which allow the paging

15 receiver to respond to information having various
combinations of tone, tone and voice, or data
messages. This information is transmitted using ény
nunber of pPaging coding schemes and message formats.

In the operation of such paging receivers,

20 important factors involved in their successful
operation is the portability of the receiver, the
limited energy available for the receiver, the
limited availability of the radio spectrum, the fast

_ response time required in today’s active society,

25 and the number of paging receivers included in the
paging system. In such paging receivers, in order
that the drain on the battery may be minimized, the
paging receiver is systematically turned off and



response tinme required in today's active society, 25 and the nunber of
pagi ng receivers included in the paging system In such paging receivers,
ingorder that the drain on the battery may be minimzed, the paging
receiver is systematically turned off and -2- turned on to maxim ze the
|l ength of tinme energy is available fromthe battery (battery saving). The
limted energy in which the paging receiver st operate constrains the
type of electronic circuitry 5 avai | abl e or a pagi ng receiver. A

typi cal voice type paging systemuses anal og voi ce channels for the

transm ssion and receallencofey e PIE0RS 1 INILE SETLALD dNRSS ofs Pading
systens use binary SignallTng fTormats, Transnl SSton I'h an a Fﬁﬁ form
remai ns the nost coavwhlakbenfror the batteryi (prtteryrsaving). pdifieg
receivers that recejyg; I r ' f | | imted
in several feat uregi%/lﬁ%?gﬁou dﬁgg %iﬁgﬁlltl%%gg?ér)a %%iﬁihéi%]ﬁ\%faﬁd%é he
ability to store a aPeratejeenfisaine thetyresohdlectronieeprsuitry

recall at a |ater tay®irawléscopfadpaying redeiwéron techniques to store
and reconstruct voice ne sgﬁgs if t he $a§$$€ receiver. [l@i&égsrgégfgsing
of voice nessages is, ingenetaf, YoiFFt FPITRPFYTrR g
voice channels for the transmission and reception of
voice messages. While certain types of paging
.systems use binary signalling formats, transmission
10 in an analog form remains the most common technique
for voice signals. Prior art paging receivers that
receive analog representation of voice signals are
limited in several features that would be highly
desirable. These include the ability to store a
15 voice message in a reasonable size memory for recall
at a later time and use of digital modulation
techniques to store and reconstruct voice messages
in the paging receiver. Digital processing of voice
messages is, in general, qualitatively superior to
20 analog processing for high sample rates. This is a
result of the fact that once the voice message is in
a digitally-represented form, it is not subject to
the type of signal degradation that occurs in analog
processing. Thus, it is beneficial to represent the
25 voice message in digital form rather than as a
voltage subject to the type of distortion inherent
in analog processing techniques.
Another problem with prior art analog voice
paging receivers is the ability to store a plurality
30 of voice messages and selectively recall a voice
message. Prior art analog voice paging receivers
have typically stored the voice information on
conventional analog magnetic tapes (e.g. U.S. Patent
Number 4,356,519). While such voice type paging
35 receivers are available, they are typically



20 ° anal og processing for high sanple rates. This is a result of the fact
that once the voice nessage is in a digitally-represented form it is not
sulyj ect to the type of signal degradation that occurs in anal og processing.
Thus, it is beneficial to represent the 25 voice nessage in digital form
rat her than as a voltage subject to the type of distortion inherent in
anal og processing techniques. ' Another problemwth prior art anal og voice
paging receivers is the ability to store a'ﬁTUraIity 30 of voi ce nmessages
and selectively recall a voice nessage. Prior art anal og voi ce paging
receivers have typically st d.the vaoice.info [ conventiona
anal og nagnetic taﬁsgmﬁngﬁ9@?59“ﬁ§F8R?aﬁaﬁﬁer5§$§5§?5§5f.rﬁﬁ??assaﬁﬁ voi ce
type paging 35 rthei vcost afetheaelebtrpntibegomponenpscathg low- 3-
commercially unacc : t r n : e f ;
el ectronic conponeggg?gkﬁelgg%Fgg%?eggelﬁ?éﬁfggﬁéﬁhé?hfgﬁ§é?giﬁégﬁlgﬁ?rent
required by the tap¥ kBehtapenpeghanigr,dpng §het giffiisultyopbrating in a
battery saving envppepdeihg AHdat babekky shvingseavepreamehtessages is
stored on the tape the_recill of a single nesSage i s hanpered b¥ t he
inabi lity of the afdfd§iRRBALYrcifapeSpGuence of messages’is stored on
the tape, the recall of a single message is hampered

by the inability of the analog magnetic tape to
randomly select a single message.

SUMMARY OF THE INVENTION
10 It is therefore an object of the present

invention to overcome the problems of the prior art
analog voice paging receivers by providing a voice
paging receiver with stored digitized voice.

It is another object of the present invention

15 to provide a paging receiver capable of receiving,
digitizing and storing a plurality of voice messages
for later recall.

It is another object of the present invention
to provide a digitized stored voice paging receiver

20 that permits the user to selectively play back a
digitized voice message out of a plurality of stored
voice messages.

These as well as other objects and advantageous
features of the present invention will be apparent

25 and in part pointed out here after.

In general, a communication receiver, such as a
paging receiver for receiving analog information,
the information having at least one voice message,
includes a receiving means, a decoding means, a

30 memory means, and a conversion means. The receiving
and decoding means receives information signals,
including at least one voice message and control
signals, decodes the information signals for



random y select a single message. SUMVARY OF THE | NVENTI ON 10 It is
therefore an object of the present invention to overcone the probl ens of
the prior art anal og voice pagi ng receivers by providing a voice pagi ng
receiver with stored digitized voice. It is another object of the present

I nvention 15 to provide a paging receiver capable of receiving,
digitizing and storing a plurality of voice ngssages for later recall. It

i s anot her object of the present invention to provide a digitized stored
voi ce pagi ng receiver 20 that permits the user to selectively play back a

di gi tized voi ce messagfe ivOly i fhd ¥ At EHA Lo HRP A4S Snd NESE

as well as other objects, and advant ageous features of the<fresent I nvention
will be apparent 25 recived §RR¥IPbi MRk angd dqcodes ddieral , a
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information, the information having at | east aqne voi ce nessage, includes a
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i nformation signals . )
analog voice message. The digital information is

then stored in a memory of the selected receiver.
In response to user generated inputs, the paging

10 receiver selects a digitized voice message stored in
the memory of the receiver, reconverts the digitized
voice to an analog signal, and produces audible
voice information from the analog signal
representative of the original analog voice message.

15 In particular, the paging receiver includes a
plurality of control switches. A first control
switch initiates the playback of a previously stored
voice meésage. A second control switch extinguishes
the presentation of the analbg voice message to the

20 paging user. Finally, a third control switch
selects a particular operating mode for the paging
receiver.

BRIEF DESCRIPTION OF THE DRAWINGS
For the purpose of illustrating the invention,

there is shown in the drawings an embodiment which
25 is presently preferred, it being understood,
however, that the invention is not limited to the
precise arrangement and instrumentality shown.
FIG. 1 is a schematic diagram of a digitized
. stored voice paging receiver embodying the present
30 invention.
FIG. 2 illustrates a typical paging schene
useful in explaining the operation of the paging

receiver.



-4-“selectively enabling a receiver correlating to the received control

I nformati on, and decodes the information to recover the voice nessage. The
~ comversion nmeans converts the anal og voice 5 information to digital

. information, the digital information being representative of a replica of

. the anal og voice nessage. The digital information is then stored in a

- menory of the selected receiver. In response.to user generated inputs, the
pagi ng 10 receiver selects a digitized voi Ce nessage stored in the nenory
of the receiver, reconverts the digitized voice to an anal og signal, and

produces audi bl e voice ipf@r mation, fEoMR t fiee M P % Bl iteta ¢t £5K ESENLRL | ve of

the original anal og voice nessage. 15 .In particular, the paging
receiver includes PFLHEFE 1SORFreblrey pmkodinents ofa the RaGHMd rol switch

initiates the pl aybheedeDfer. previously stored voice nessage. A second
the 20 paging user PTHGI 19 18 Frrreeeoniadian i B st oul ar
operating nodé for paetpoylag opexaving SE tds RESCRIET AN tFzddis tErM NGS
o Aol AOLELAR HOBLETGL e IS TR e
under st ood, FIG. 5 is a detailed flow chart illustrating

the record state of the digitized stored voice

paging receiver. |

10 FIG. 6 is a flow chart showing the play state
of the paging receiver of the present invention.

FIG. 7 is a flow chart illustrating the reset
state of the paging receiver of the present
invention. ’

15 FIG. 8 is a flow chart of the operating method
of a microprocessor embodiment of the present
invention showing a power on reset routine.

FIG. 9A is a flow chart illustrating an
interrupt routine for the microprocessor embodiment

20 of the present invention.

FIG. 9B is a continuation of FIG. 9A showing
the interrupt routine for the play state.

FIG. 10A is a flow chart of a method for
playing the most recently stored digitized voice

25 message from a memory position.

FIG. 10B is a continuation of FIG. 10A
illustrating a flow chart showing the operation of
the microprocessor embodiment of the present
invention for playing unread messages.

30 FIG. 11 is a flow chart for the microprocessor
embodiment of the present invention illustrating the
playback of the next most recent message stored in
the paging receiver.

FIG. 12A illustrates the record routine for the

35 microprocessor embodiment of the present invention.



however, that the invention is not linited to the preci se arrangenent and
instrunmentality shown. FIG 1 is a schematic diagramof a digitized stored

voixce pagi-ng receiver enbodying the present 30 invention. FIG 2
illustrates a typical paging scheme useful in explaining the operation of
t he pagi ng receiver. FIG 3 is a nore detailed illustration of the

har dware control | er enbodi nent of the paging receiver. FIG 4 is a state
diagramillustrating the 5 parti cul ar rf{)eratlng states of the digitized
stored voi ce paging receiver of the preséem” invention. FIG 5 is a detailed

" flow chart iIIustrating t he record state of the digitized stored voice
pagi ng receiver. is a tlowchart_s i n he play state of
t he pagi ng recelver o?I?helﬁ?eéﬁn? FADEAPIBRICR, of gfﬁg g? | ow chart

|IIustrat|ng thellbaetratﬂmg uhethecpnglngutenelcérthé t he present

i nvention. r{ <0 t d of a
nlcroprocessor enﬁcﬂ°§;§%e ?b?hgm%%§£%%9€|%5e% ﬁrgﬁgﬁﬁnggge%§%£$ on reset
routine.



FIG 9Ais a flow chart illustrating an interrupt routine for the

m cr opr ocessor enbodi nent 20 of the present invention. FIG 9B is a
~condinuation of FIG 9A showing the interrupt routine for the play state.
" FIG 10Ais a flow chart of a nmethod for playing the nost recently stored
. digitized voice 25 message froma nenory position. FIG 10Bis a

. continuation of FIG 10A illustrating a flow chart showi ng the operation of

- the microprocessor enbodi nent of the present=imvention for playing unread

- nmessages. 30 FIG 11 is a flow chart for the m croprocessor

- enbodi ment of the present invention illustrating the playback of the next
nost recent nessage stored in the paging receiver. FIG 12A illustrates the
record routine for the 35 m croprocessor enbodi nent of the present
i nvention. -6- FIG 12Bis a continuation of FIG 12A illustrating the

~record routine of the mcroprocessor enbodi nent of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
I. General Description

A. Paging Receiver

In order to best illustrate the
utility of the present invention, it is described in
conjunction with a communication receiver, such as a
paging receiver, capable of receiving, decoding, and

5 storing transmitted analog or voice information.
While the present invention is described hereinafter
with particular reference to a paging receiver, it
is to be understood at the outset of the description
which follows it is contemplated that the apparatus

10 and methods, in accordance with the present
invention, may be used with numerous other
communication receiving systems.

The paging receiver system described herein is
associated with a paging system having a base

15 station terminal, responds to coded data information
from the base station terminal, and in turn,
decodes, digitizes, stores, and provides analog or
voice messages to a user during operation. With
reference to the drawings in general, there is

20 illustrated a paging receiver 10 and a method for
receiving, decoding, digitizing, and storing voice
messages transmitted from the base station terminal.
The method in one form of the present invention
includes a hardware controller for decoding,

25 digitizing, storing and playing back messages.
Another form of the invention includes a
microcomputer embodiment of the hardware controller.

FIG. 1 shows a functional block diagram
applicable to both a first and second embodiment of

30 the present invention. The paging receiver 10 of
the present invention includes a receiving means 12,
a decoding means 14, a memory means 50, a support



l. General Description A Paging Receiver In order to best illustrate the
utility of the present invention, it is described in conjunction with a
cormgruni cation receiver, such as a paging receiver, capable of receiving,
decoding, and 5 storing transmtted anal og or voice information. Wile
the present invention is described hereinafter with particular reference to
a paging receiver, it is to be understood at the outset of the description
twhich follows it is contenplated that the apfaratus 10 and nmethods, in

. accordance with the present invention, nay be used wi th nunerous ot her

| comruni cation receiving systens. The pagi ng recei ver system descri bed

| herein is associ at codmlé 40paghninpytt svwibehi Redwleaker 135 vokkage on

| terninal, responds t@n¢efgdoHhaahBl 96BhhaNaf ESVEFEINGSReSARIION AR,
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14. The decoder 14 not only controls receiving
means 12, but may also operate receiving means 12 on

10 an intermittent basis to extend the life of battery
16 through voltage conversion means 20. The
receiving means 12 detects the presence of
electromagnetic energy representing the paging
information and applies the information to the

15 converting means such as coder-decoder 38. The
coder-decoder 38 converts the received analog
signals, such as teal time audio speech signals, to
a stream of binary bits and reconverts stored binary
bits to a replica of the original received analog

20 signals, such as synthesized audio speech signals.

In the illustrated embodiment, the coder-

decoder 38 (hereinafter referred to as CODEC)
provides for the digital-to-analog and analog-to-
digital conversion 6f_speech signals. The CODEC 38,

25 such as an adaptive delta modulator, can convert or
encode an audio input signal to a digital data
stream for storage and reconvert or decode a digital
data stream to reconstruct an audio signal. 1In
particular, the CODEC 38 monitors the real time

30 audio signal on line 44 and compares it to a past
value that it has reconstructed and generates a
digital bit (sign) that indicates whether the
reconstructed signal’s voltage level is higher or
lower than the present input value. The CODEC 38

35 then tries to adapt the reconstructed signal voltage



m croconput er enbodi rent of the hardware controller. FIG 1 shows a
functional block diagram applicable to both a first and second enbodi nent
of 330 t he present invention. The paging receiver 10 of the present

i nvention includes a receiving neans 12, a decoding nmeans 14, a nenory
means 50, a support -9- nodul e 40, an input switch nodule 42, a voltage
conversion neans 20, and a converting neans 38. An antenna 24 receives
pagi ng i nformation including receiver control0Osignals and anal og

i nformation 5 i ncludi ng speech signals representative of a voice

nmessage. The ant-enna 24 is cougled to receiving neans 12 that is subject to
“the control of decol@r®iXrornhg BeBEREPNEAVALRCOAFY tRENRNELS 1BEYFVPYG neans

12, but may al so opeagyéngeoei mbamae&ﬂg aanaréﬁt. amheneaffeht ent baSI S
-to extend the life o% batter rough vol ta% gonvg #on neaps 20.
g E150A

" receiving neans 12 G8R&EFE Phe ng BhEES-P &PR ShAER Yy whoeh '
- representing the paghnggbﬂf&hnareoanahdueppﬂlssgnak’snﬁoluageon Thethe 15
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shch £

t he received anal og srg as rea I me au eech sig s, to a
stream of binary b|#§d&ﬁétP§cUh§§hﬁ§ §b§r€6°§ﬂﬁ§F¥Cted signal Is behlnd

the input or lower in voltage (logic ”0”) or ahead
of the input or higher in voltage (logic ”1”). The
CODEC’s digital output is stored in memory 50 and

10 retrieved on line 48 to reconstruct a synthesized
audio signal on line 21, thus closely replicating
the real time audio signal in both amplitude and
frequency. One example of such a coder-decoder is
disclosed by N.S. Jayant in the publication

15 “Adaptive Delta Modulation with a One-Bit Memory”,
Bell System Technical Journal, Vol. 49, No. 2, March
1970. The CODEC 38 is designed to operate at
sampling rates (bit or clock rates) of 16 KHz, 25
KHz, and 33 KHz. The obvious implication of the

20 three rates is that for slower clock rates, longer
messages can be stored in a fixed amount of memory
at the expense of a lower signal to noisé (S/N)
ratio. For example, at a 100 mV P-P 1 KHz signal at
the input, the signal to noise degradation is 11 dB

25 at 33 KHz, 14 dB at 25 KHz, and 23 dB at 16 KHz.

To conserve power, most of the CODEC 38 is
turned off when there are no read/write operations
to the memory. The output buffers and control logic
are always on since it may be necessary to monitor

30 the channel or provide a BEEP tone when there are no
messages stored. Keeping the buffers and control
logic on also eliminates the need for additional
current source controls to handle the switching of
an additional current source.



bits to a replica of the original received anal og 20 signals, such as

. synt hesi zed audi o speech signals. In the illustrated enbodi nent, the coder-
decoder 38 (hereinafter referred to as CODEC) provides for the

~digital -to-anal og and anal og-to- digital conversion of speech signals. The
- CODEC 38, 25 such as an adaptive delta nodul ator, can convert or encode
-an audi o input signal to a digital data strgigLfor storage and reconvert or
- decode a digital data streamto reconstruct an audio signal. In particular,
the CODEC 38 nonitors the real tinme 30 audio signal on line 44 and
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digital bit (sign) that indicates reconstructed signa
vol tage | evel is higHa® #? FBwdrSuRRATthEBogudeeAl-i nBREraIting. 11The CODEC 38

35 then tries to ﬁdﬁﬁbn&éetbeaeaﬁaéﬁchﬂd thanabayotiﬂeeaudlo191gh91n1rror
the present val ue at t e_au rent.

0, yin
The current charges®Br ﬁ??c%g bﬁs Bp&ééQC| o4 RSFtsH8§H? mﬁ?cﬂ bﬁ nges the
reconstruct ed i gnasupplidesagnaldgeor digditgilt signalputooonkiaf 46 is the

sign bit which indig &ﬁc EBﬂrtkgﬁiﬁﬁ%%QﬁtﬁgQ%%@ sifnghrt$cRglind the
i nput or lower in vo ogi c or ahea
deco 14 contr

s support module 40 to apply
either the real time audio signal on line 23 or the
synthesized audio signal on line 21 to speaker 36.

10 Decoder 14 is associated with memory means 50
which serves to include information for decoding the
received information and for storing information
received from CODEC 38. The CODEC 38 provides the
analog-to-digital conversion of speech signals on

15 line 46 which are stored in memory 50 as digital
voice messages. A plurality of digital voice
messages can be stored in memory 50 along with the
status of each voice message. For example, a voice
message may have either a read or unread status.

20 The decoder 14 also functions to alert the paging
user, store, recall, and playback voice messages.

The paging receiving of FIG. 1 has the
capability of storing selective call voice messages
for providing them to support module 40 according to

25 the state of a plurality of inputs, such as the
state of the control switches of input module 42. A
switch interface 18 provides input capability for
control switches 54-60. Illustratively, control
switch 54 is an on/off switch for controlling power

30 from battery 16. Control input 55 is a volume
control for speaker 36. Control switch 56 is a play
switch for playing back voice messages previously
digitized and stored in memory 50. Control switch
58 is a reset switch to reset the paging receiver

35 system and monitor the real time audio signal.
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of the input or higher in voltage (logic "1"). The CODEC s digital output
_is stored in nmenory 50 and 10 retrieved on line 48 to reconstruct a
i synt hesi zed audi o signal on line 21, thus closely replicating the real tine
“audio signal in both anplitude and frequency. One exanple of such a
. coder-decoder is disclosed by N.S. Jayant in the publication 15 "Adaptive
. Delta Modulation with a One-Bit Menory", Bell System Technical Journal
' Vol. 49, No. 2, March 1970. The CODEC 38 i $1d#ésigned to operate at sanpling
rates (bit or clock rates) of 16 KHz, 25 KHz, and 33 KHz. The obvi ous
L inplication of the hree.rates i,s that for _slower. clock rates, .| onger
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KHz, 14 dB at 25 KHz, and ] 'donserve power, most of the
' CODEC 38 is turnedogeratiiom ofemdrighe iso expdained dnodetadilowdtho t he

. menory. The ogt put raflehrentead ad.r@l, 1 ogic are always on since it nmay be
= pr.ovi de a BEEP tone when there are

necessary Lo Mo LOr 0 condiBRlialel o1 pry. e SRR Late e e
el i m nat es t he needhieobaddebirtyl Qréalisc shosm commectedhdiior decdderhamdl e t he
switching of an ad%iht:.jo% LYESiPUh SHettace 1s. Battery 16 provides
power to decoder 14 through a voltage conversion
10 means 20, such as a DC to DC converter. Decoder 14
is additionally connected to a code memory 22
further including regions designated function select
and pager ID. The enclosure of code memory 22 with
a broken line indicates a possibility that such a
15 device can be made removable and therefore separable
from the rest of the system. Another output 62 of
decoder 14 is coupled to support module 40 to
provide the necessary controls for generating alerts
on one of alert transducers 32-36. The alert
20 transducers may take the form of an illumination
means 32 and 33, such as an LED, a vibration motor
34, a visible display counter 35, and an audio
speaker 36. Output 62 also controls whether real
time audio signals on line 23 from receiving means
25 12 or synthesized audio signals on line 21 from
CODEC 38 are applied to audio speaker 36.

A microcomputer 26 is shown interconnected with
decoder 14 by a broken line. This interconnection
indicates that the hardware decoder may be

30 functionally replaced entirely by a microcomputer
26. Microcomputer 26 is shown to be further
comprised of a microprocessor 28 and a read only
memory (ROM) 30. The ROM 30 includes the necessary
instructions to operate microprocessor 28 to perfofm



The“receiving means 12 is further coupled by line 23 to a support nodul e
40. QOperating in response to decoder 14, the real tinme audio signal on |ine
235 s applied to support nodule 40 which 5 suppl i es anal og or digital
signals to one of annunciation transducers 32-36. In particular, decoder 14
controls support nodule 40 to apply either the real tinme audio signal on
line 23 or the synthesized audio signal on Iine 21 to speaker 36. 10
Decoder 14 is associated with nmenory neans 50 which serves to include
information for decoding the received informtion and for storing
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anal og-to-digital converS|on of spee on 15 I|ne 46 which are

~stored in nenory 50MEracamPHteniZ& Wé's]sg'g‘e‘ée simikan intergonnegtions oi cé

messages can be st ored doesTRIgraa&d 1 ongrnfé treg et oOfaardevaiLe

- message. For exanpl a .voi ce nessa either a read or unread
status. 20 The de%é’dénrl%fcé:l Li'ﬁ}% (#Tso‘f’die%ﬁefrl}et??@ Tagtane fgnalkiore,

recall, and pIéybacHenﬁdﬂngnfnnqpxnnéﬂunqxgpeuxesuxmingu;yﬁtdﬂ(Euﬁbﬁﬁﬁhthe

- capability of stori ¥EE§ ﬁﬁﬁﬁ ro ng hen1to
support nodul e 40 ag%or%' dra"fg%ttltlo a'J’Hatlﬁl'cel’l g‘foatr% qupl Ut & |t>vlllg#s

such as the state 0¢QHG¥kﬁﬂﬂﬁﬁﬂthﬁmﬁﬂﬂuﬁiﬁﬁrn%ﬁikerﬂﬂhﬂd&mﬁDtSAare

indistinguishable within a device.

B. Operation
The operation of the paging receiver

10 shown in FIG. 1 is such that the receiving means 12
is capable of receiving messages in any of several
message formats through an antenna 24. The decoder
14 responds to the receive signals to analyze the
data and select one of several decoding schemes for

15 appropriately decoding the incoming information
received by receiving means 12. As with all paging
devices, the resulting decoded signal is tested for
comparison with a designated pager address contained
in code memory 22. On detecting correspondence

20 between the received and decoded signal and the
address in code memory 22, the decoder instructs the
CODEC 38 to digitize the real time analog signal and
provide the digitized signal to the decoder 14 for
storage in one of a plurality of message locations

25 or slots in memory 50. An alert output signal is
produced by the decoder 14 to generate an alert
indicating to the pager user that a message has been
received and stored. 1In particular, the alert
output signal from the decoder 14 is supplied to

30 support module 40 to produce a signal on one of a

plurality of transducers 32-36 indicative of the
receipt of the message. Specifically, upon the
receipt of a message, an unread message indicator 32



switch interface 18 provi des input capability for control sw tches 54-60.
Plllustratively, control switch 54 is an on/off switch for controlling power
30s frombattery 16. Control input 55 is a volume control for speaker 36.
. Control switch 56 is a play switch for playing back voi ce nessages

" previously digitized and stored in nenory 50. Control switch 58 is a reset
swtch to reset the paging receiver 35 sysi&m and nonitor the real tine
 audi o signal . -12- Control switch 60 is a node switch for operating the
. decoder in one of three npdes. These nodes are the silent, push to listen

-~ (PTL), and nornmal ngdeactivrtepecandiam whrend cressagpteunkrr idbdisail with

5 eference (0 FifbrdnefORS] Ioadg: Eofandy | n S UIEYIRLdilid Y0Pt Bi

. the battery 16 is shown connected to decoder” 14 t hrough a sw
18. Battery 16 provites RVRSEEY EebleindicatpBuhh & Bt kaLedbnversion 10
. means 20, such as a EIItEeéXhﬁ@ndﬁrtﬁé-re?ﬁi&ﬁ&énﬂé—féréﬁk&ﬁiéﬁﬁéd

u

celect and pager | Behe e rtdhal pradtes tadchid B werT htath afne.
i ndi cat es a possi bipresexrhing sextenddd uselfwl ckitarnhehmdmttamyabl e and
therefore separabl ontained in paging device, voltage conversion means

20 functions in cooperation with decoder 14 to

conserve battery 16. It may also be appreciated

10 that the decoder 14 may be designated to operate in
only one of a plurality of possible decoding
schemes. This selective function may be supplied by
the code memory 22 or may be factory preset
independently of the code memory 22. It may also be

15 appreciated that code memory 22 may contain several
addresses, each one corresponding to the
appropriately selected decoding scheme which is
determined by the decoder 14 in response to signals
received by receiver 12. '

20 In addition, code memory 22 includes a function
select region which is used to select various
features of the pager device. It is advantageous to
build in the circuitry for all functions and then
provide information in code memory 22 which

25 identifies the address of the pager and designates
various combinations of the possible function
annunciation features of the system.

The replacement of a hardware decoder by
microcomputer 26 including microprocessor 28 and the

30 software included within the read only memory 30
region provides the same diagram with block 14
removed and replaced in its entirety by block 26.
The difference is in the internal functions of the
microcomputer in that instead of the hardware

35 decoder responding to the receiver 12, the



frdOmthe rest of the system Another output 62 of decoder 14 is coupled to
support nodule 40 to provide the necessary controls for generating alerts
oncone of alert transducers 32-36. The alert 20 transducers may take the
formof an illum nation neans 32 and 33, such as an LED, a vibration notor
34, a visible display counter 35, and an audi o speaker 36. Qutput 62 al so
controls whether real tine audio signals on_hggp 23 fromreceiving neans 25
12 or synthesized audio signals on line 21 from CODEC 38 are applied to
audi o speaker 36. A mcroconputer 26 is shown interconnected w th decoder

14 by a'broken || ne.piy &b SELONMELAN dAGHRRIR gy duar e

decoder may be 30 uncti o y replaced entirely by a mcroconputer 26.
M croconput er 26 i s SHoWRY® IRCIARY Hor qumaestidiDthe megedpiast &ignalz

and a read only menofy ¥&AVtHfe dordIMPRd RHddand B JRARTIAMEd

I nstructions to operate m croprocessor_?2 tg%ferforn1 -13- .the functions
axe

as described in FI GEFOWting asg the hansin cR4er -haPfteithe paging
i nt erconnecti oBs as rmesiviee otersdiectivee e pldamtiied)l misreiockssor

1l ocomput o 20 B O sed e el FAUF SUP Lenry SPFRL ISR o1
the correct instructions contained in that memory
for processing the received signals, storing the
signals, and replaying the signals. For a better

10 understanding of the processing, storing and
replaying of the received signals, attention is
directed to FIGS. 8 through 12B for a detailed
description of the operation of the paging receiver.

Continuing with reference to FIG. 1, the

15 voltage conversion means 20 interacts with the
microprocessor 28 and ROM 30 to conserve the battery
for the system. When the microprocessor 28 detects
the reception of a signal corresponding to a pager
identification contained in the code memory,

20 microcomputer 28 connects with support module 40 to
produce a signal on one of the plurality of
transducers 32-36 to produce a signal so that the
pager user is méde aware that a message has been
received and stored. For eithér the hardware

25 decoder or microcomputer, the form of the alert
signal pattern provided to the pager user by either
the decoder or microprocessor is indistinguishable.

To briefly summarize, in either the hardware or
software embodiment, real time analog information

30 received from a base station by receiving means 12
is applied to CODEC 38 and support module 40.
Operating under control of decoder 14, CODEC 38
converts the analog information to digital
information which is stored in memory 50. Depending

35 upon the configuration of mode switch 60, the real



I's indistinguishable to a paging user. Thus, the function of the two

+ alternative enbodi nents are indistinguishable within a device. B.

| Qparation The operation of the paging receiver 10 shown in FIG 1 is such
| that the receiving neans 12 is capabl e of receiving nessages in any of
several nmessage formats through an antenna 24. The decoder 14 responds to

| the receive signals to analyze the data and _sel ect one of several decoding
' schenmes for 15 appropriately decoding thé Fncon1ng i nformati on received
by receiving nmeans 12. As with all paging devices, the resulting decoded
signal is tested f@n conpakis h.,a desi gnat e .address_cont ai ned

I n code nenory 22. Q&ﬁ%detectl%&fg%%Fgéﬁgn&gngge%%nggge%ﬁeggetﬁ%eFecé?ved
and decoded si gnal s@egkele 34ddeass unreadotessager \inficatbr ddcdder instructs
the CODEC 38 to d'&&ﬁhﬁﬁnh&%dreékg PEEe%E@h@%s%b@”%hu%@grpﬁgv&Qe t he

digitized signal tq the decoder storage I'n_one o lurality of
message | ocati ons ABcregenteg:.s p@°ﬁeﬁ§¢}V5Gln9Aﬁh&I@#PYoﬁﬁéﬁFh5|gnal i's

produced by the dea&@qn:ﬁédt YodeRemds@ade i'sersblle@i'e@atfh:'aﬂ hemblg Bager
user that a nessage the alert

ien r celved and st&&F Ay artlcular
out put signal from a@? 368 B4CPPE§uﬁﬁlle chg SBppEFENEHEFe 40 to
produce a signal orthendigfitalplinfelirniatioh ttcarndloer inTaraatiodi aadi ve of

the receipt of thes%%@ﬁﬁ%%‘tﬁ%egkufa@lfﬁf&ﬂ%&%i&&?to support module
40. The support module applies the analog signal to
10 the speaker to produce a synthesized voice message
being a replica of the original analog voice
information.

C. Paging Scheme

While it is clear that many types and
formats of signal coding may be utilized for the
15 present invention, the preferred embodiment uses a
digital signal system designated as the Golay
Sequential Code. The Golay Sequential Code (GSC) is
a selective call paging protocol based largely on
the current Golay binary paging format. A full
20 description of the Golay code may be found in a
paper entitled “Selective Signalling for Portable
Applications” by lLeonard E. Nelson, 28 IEEE
Vehicular Technology Conference, Denver, CO, March
22-24, 1978. The Golay Sequential Code is an NRZ
25 binary signalling format that has been greatly
modified from the earlier format to accommodate
intermixed tone only, tone and data, as well as tone
and voice paging.
The GSC is an asynchronous paging format which
30 allows pages to be transmitted individually or in
batches. Maximum message throughput for tone only
and tone and data pages is achieved in the batch
transmission mode, while the individual call mode is

useful in tone and voice paging.



recei pt of a nessage, an unread nessage indicator 32 -14- is activated
and an unread nessage counter 35 is increnented. Additionally, if all

nmessage slots are full, a nmenory full indicator 33 is activated. Because of
the requirements for high speed, 5 real time signal processing and the
requi rement of preserving extended useful |life of the battery contained in

pagi ng device, voltage conversion neans 20 fypctions in cooperation with
decoder 14 to conserve battery 16. It nay al so be appreciated 10 that the
decoder 14 may be designated to operate in only one of a plurality of

possi bl e decodi ng schemesrgTh2 551$@sb§céiwemiwcdiacqrarm>fdle theppidraghiby the
code nenory 22 or nQ%sbe factor% greset € ﬁ%eﬁgentl t he .code nenory
22. It may al so be AESS39H 7R LT HEQUED xfnﬁﬁ/ yclﬁﬁﬁqgeseveral
addr esses, each onefexmatspdbbe nginglée heabbpadiress diormedi eximed stec @di ng
schenme which is deter e gde r

& %&‘;ﬁ%ﬂ! she 4 Eaﬂgidolt?“wé{h &5 %Feaéd}%sgl i éfeu des a

recei ved by receiver I on menory
function select regfén @McﬁOFs"‘%%ﬁ P@‘JS@Fec’t‘n\%ﬁVd@stlf%t% @Ch he

pager device. |t isg@advaphagspesmbebsbi-tlesntdeivide Pdderd Witdlin the

functions and then system into groups for improved battery life, as
well as to uniquely identify GSC transmissions from
other coding schemes to facilitate channel sharing

10 without sacrificing battery life or false call
integrity. The control word 65 delimits the end of
the preamble and supplies timing information for the
batch mode decoding. The address uniquely
identifies each pager and the AC is used to control

15 the pager audio circuits in voice paging. The batch
mode of operation allows-a string of addresses to be
transmitted following the control word.

While this is normal for the operation of
pagers generally, the address is followed by an

20 activation code and upon the reception and detection
of the activation code, the individually addressed
pager, depending upon its mode, commences -a two-.
second alert mode to warn the pager user of the
presence of a subsequent voice message. At the

25 conclusion of the variable length voice message, the
inclusion of a deactivation control word which, for
the preferred embodiment, is the second detected
occurrence of the activation control word and
results in muting the audio channel.

30 In addition to enabling pagers to operate in a
battery saver mode, the polarity of the preamble
identifies the transmission mode as single call or
batch. For instance, when the preamble words are
transmitted with one predetermined bit polarity, the

35 single call mode is identified. If the preamble
bits are inverted, the batch mode is indicated.



provide information in code nenory 22 which 25 I dentifies the address of
t he pager and desi gnates various conbi nations of the possiblée function
annunci ation features of the system The replacenent of a hardware decoder
by m croconputer 26 including mcroprocessor 28 and the 30 sof tware
included within the read only menory 30 region provides the same di agram
with block 14 rermoved and replaced in its engirety by block 26. The
difference is in the internal functions of the m croconmputer in that

i nstead of the hardware 35 decoder responding to the receiver 12, the

-15- nicroconputer 26 uggg E‘bﬁ{:QBILOG8§éoraégiaﬁti‘oﬁoéé&@r eaﬁscaé&{:eéer
processing the received SI gnals in real tinme accor

pr edet er ni ned r out FRE®81 EthﬁaFdﬁﬁ?ewﬁEéoﬂgFmaﬁw?BPsgﬁglﬁﬁg?ﬁgzg bits
receiver is select bfebysmmdelﬂblflbedd BiyCEwpr (2BsER) 28dacwesdes tPrer ead:
only menory 30 for _deterginin r Lost Lans nt.ai ped.in, t hat
menory for processfggkghggrécg % ?g%gﬁéFggio##ﬁ%é?ﬂetggﬁ%g#gg %nﬁt
repl ayi ng t he5si gn&P9. bpsr aTbettUp Golayuaddesvandsnwordt heapdoeerdi ng,
storing and repl aybpgaet LBBakREEHVEY A ABRESHIE! bERELON TeChbeatEey! O

FIGS. 8 through 12B for a_detajl
of the half b1t space shall be opposite the first.

bit of the second words and the starting comma bit
must be the same polarity as the first bit of the

10 first word. The control word and activation code
are determined (fixed) for the preferred system.
Word 2 of the control word and activation code are
the inverses of the fixed word. That is, the second
word is the inverse of the first word.

15 The address format is identical to the control
word and activation code formats regarding the
number of bits, the rules for comma and the half bit
space. The address word 2 may be chosen from any
word of the (23,12) code except for all zeros and

20 all ones combinations. Thus, there are 4094
potential second words made up of 12 information
bits and 11 parity bits. The first words are chosen
from a 100 word subset of the Golay code. To
generate the binary bit patterns for the (23,12)

25 Golay code, the decimal representation of the code
word is converted into binary. This binary
representation is rewritten least significant bit to

- the left.
The GSC format allows data pages to be

30 intermixed with tone only or tone and voice pages.

A data page consists of pager address followed by
one or more data blocks. The data block is
identical in length to an address block and may be
freely substituted for addresses in the batch

35 operating mode. The single call mode can also be



de§cription of the operation of the paging receiver. Continuing with
reference to FIG 1, the 15 vol tage conversion neans 20 interacts with

t he .m croprocessor 28 and ROM 30 to conserve the battery for the system
When the m croprocessor 28 detects the reception of a signal corresponding
to a pager identification contained in the code nenory, 20 m cr oconput er
28 connects with support nodule 40 to produce _a signal on one of the
plurality of transducers 32-36 to produce a'%?ﬁnal so that the pager user
Is made aware that a nmessage has been received and stored. For either the

har dwar e 25 decod r..mer e the form e ri..signal
pattern provided tog%ﬁé B%gg?gggggﬂgyEQFtRggefh%dgégégeyfgﬁ %¥8r§5§8cessor

i s indistingui shabl mes§ageri ePayasinfarmationnisi thansnhbtédratateoobps

sof tware enbodi mentsy,r s o I k@af s 1.QN |,V a base
station by receivinéonggﬁéﬁ%ggigﬂgpg?fgg ?éﬁ%%ggcpggbgﬁgfgu gg%&égghle 40.
Operating under contR®|addrgsesgepandsdatapecFes 2oRoErt detadladal og

i nformation ta di gi déscripeiont afl WMipEBmeatSber €Hei BolBYOS¥qeEnt PepeNdi Ny

35 upon the conflgu%at%on ?f-nndg smntcg 601 t he rgaé ta & 6- tinme audio

information is preseft®d Pb FRBSus&PRG gnc voice, and data pages,
reference is made to U.S. Patent No. 4,427,980
assigned to the present assignee of the present

invention.

II. Hardware Embodiment
10 FIG. 3 shows a block diagram for the
hardware embodiment of decoder 14 of FIG. 1. The
hardware decoder 14 includes a radio and switch

interface 80, a controller 70, a DC-to-DC current
20, and a timing and oscillator section 76. The

15 controller 70 interprets input signals from the
radio and switch interface to accomplish the
read/write operations associated with the receiving,
digitizing, storing, and playing back of messages.
The controller 70 includes a program logic array’

20 sequencer, such as a Monolithic Memories 20L10
programmable array logic, a control hardware section
for controlling the operations of the other sections
of the decoder, a counter section for handling
message queues, a counter section for handling the

25 physical memory pointers, a memory section for '
flagging individual messages as read or unread, a
small state machine to determine the mode status of
the controller, and a multiplexing decoder to
interpret hardware jumper inputs for controlling the

30 length of messages, maximum number of messages, and
the type of memory connected. In addition to
controlling the operation of the sections of the
decoder, the controller operates several sections of



spéaker 36, an unread nessage indicator 32 is illumnnated, and unread

- nessage counter 35 is incremented. Upon activating the play switch, a 5

| digitized voice message is selected fromnenory 50 and applied to CODEC 38.
' The CODEC 38 reconverts the digital information to anal og information and
.suppl'ies the analog information to support nodule 40. The support nodul e

. applies the analog signal to 10 the speaker to produce a synthesized

. voice nessage being a replica of the ori gi nakk%nal og voice information. C
. Paging Schenme Wiile it is clear that many types and formats of signal

! coding may be utilizged for th present invention, the preferred
enbodi ment uses a d%SFtSPngFﬁ FrsﬂgténPG§§F§NaF§HlH§ PﬁgeGgPthSEBuentlal
- Code. The Gol ay SeqpeweralisCsdget€5¢elysddsabledt fyemcapprppgiagepr ot ocol

based | argely on th%ngagggtogbkﬁg QeFoﬁéapgggggtnggg%ﬁtPQ?LgLL§%$ectIVe

description of the ay code n-a pap
Signalling for PortEBFeeﬁ@BPleataﬁnpbwby upenshe Eontgbider 88léEEfvely

Vehi cul ar Tectgol ogyicapiesepeferDeBY ehe SELtBthhcgﬁvgétﬁ}QZﬁ %& Col ay

Sequential Code is an NRZ 25 bi nary signalling forma een
greatly nodified frBAPPRE 2BEPFERCPormat to accommodate |ntern1xed t one
only, tone and data, as mBél ragiboafidas@i¥ehCénpagelde 80 buffers

inputs from the receiving unit and switches for
generating the appropriate levels to the controller
10 and CODEC 38. The radio and switch interface 80 may
take the form of a level shifter, such as a Motorola
MC14504B. The memory interface interfaces the
~controller to the main memory of the paging receiver
by providing the necessary address, control and data
15 transmission signals for storing and retrieving data
to the memory. The memory interface may take the
form of a Memory Management Unit as manufactured by
Motorola under their designation MCé68451.
Table 1 illustrates the number of messages that
20 can be stored in the paging receiver using
particular configurations of memory when the CODEC
is operating at a specific bit rate. Even though
the table lists specific memories, it is to be
understood that numerous other memories can be used
25 in the practice of the present invention.
Continuing with the above described table, referring
to the 1 megabit CMOS DRAM, if the paging receiver
is configured for two messages and the CODEC is
operating at 25 kilobits per second (KbPS), Table 1
30 illustrates that 20 seconds of voice information can
be stored in one message slot. As is evident from
Table 1, the CODEC operates in a plurality of
operating rates such as 16 KbPS per second, 25 KbPS
per second, and 32 KbPS per second. The operating



The GSC i s an asynchronous pagi ng format which 30 al l ows pages to be
transmtted individually or in batches. Mxi num nessage throughput for tone
onlsy and tone and data pages is achieved in the batch transm ssion node,
whil e the individual call node is useful in tone and voi ce pagi ng. -17-
FIG 2 shows a timng diagramfor the normal nessage signalling routine for
a normal voice page format. The single call address format consists of a
preanbl e 64, a control word 65, an address code 5 - 66, and for voice
pagi'ng, an activation code (AC) 68. The prea®de serves to divide pagers
wWithin the systeminto groups for inproved battery life, as well as to
uniquely identify GSC transm ssions fromother coding schenes to facilitate
channel “sharing 10 TakPEhGap becsedrsted Pﬂtﬂ@PPeFiFg“BFCFéPEE vaFhin
integrity. The cont the pagdngS réeklivers crhbyertritthebeertaanhl etanthe
supplies timng information for, the batch node decodi ng. The address

uni quel y identifiespgggﬁgpgﬁgflgﬁﬁ'the AC is used to control 15 t he pager
audio circuits in voice paging. The batch node of operation allows a
string of addresses to be transmtted followi ng the control word. Wile
this is normal for the operation of



pagers generally, the address is followed by an 20 activation code and
upon the reception and detection of the activation code, the individually
addr essed pager, depending upon its node, conmences a two- second alert
node to warn the pager user of the presence of a subsequent voi ce nessage.
At the 25 conclusion of the variable |length voice nessage, the inclusion
. of a deactivation control word which, for the preferred enmbodinent, is the
second detected occurrence of the activation<ontrol word and results in
muting the audi o channel. 30 In addition to enabling pagers to
operate in a battery saver node, the polarity of the preanble identifies
the transm ssion node as single call or batch. For instance, when the

_ preanble words are transmtted with one predeterm ned bit polarity, the 35
single call node is identified. |If the preanble bits are inverted, the
batch node is indicated. The control word, activation code, and address
code all use a two-word format consisting #4p28 Pits of commm foll owed by
two (23,12) code words. The conma is a zero bit reversal pattern
~transmtted at 5 600 bps. The two Golay code words (word 1 and word 2)
~are separated by a half bMessaaee Lehgthpalsan Fundit ibhe oFalsfi tbratepace shal
- be opposite the first and Memory Size

One 256K CMOS DRAM

Number of
3 Messages 16 KBPS 25 KBPS 32 KBPS
1 16 second 10 second 8 second
2 8 second 5 second 4 second

Two 256K CMOS DRAMs

10
Number of
Messages 16 KbPS 25 KbPS 32 KbPS
1 32 second 20 second 16 second
2 16 second 10 second 8 second
4 8 second 5 second 4 second
15
One 1 Meg CMOS DRAM
Number of
Messages 16 KbPS 25 KbPS 32 KbPS
1 64 second 40 second 32 second
20 2 32 second 20 second 16 second
4 16 second 10 second 8 second



bit of the second words and the starting comma bit nust be the sane
polarity as the first bit of the 10 first word. The control word and
actd vation code are determ ned (fixed) for the preferred system W rd 2 of
the control word and activation code are the inverses of the fixed word.
That is, the second word is the inverse of the first word. 15 The
address format is identical to the control wysd and activation code formats
" regarding the nunber of bits, the rules for comma and the half bit space.
The address word 2 nmay be chosen fromany word of the (23,12) code except

for all -zeros and 20  alpureddneCord.nali ehe tikling ahBebeciltatb®d
potential second words, made_up i nformation bits _and 11 parity bits.

of 1
" The first words areSER&SER PoRELV: Q§GEECALY EARIRG) 5)9884E. ang
generat e t he bi naryclockpstigmals ffar t@ld E@Axclhidkrs2in aCahapegogallt he
deci mal representati f +th ode . wor ¢, s i Lpary. This
bi nary representati (I})((F-l%i‘"’gI rlglwr%'lh%t g%ﬁ'eaghesitg%qﬁgéﬁtq Slgi:gtlgagﬁg FSFF.m?he
GSC format al |l 2ws d&RY §ades the forz of ianpaograstaplehtinay/ostildatoune

and voi ce pages. A ¢ahdrletred byS MbtfrAadUnarIdraes abalibRwed Ry one or
nore data bl ocks. The data _block i's identical in |ength to an address bl ock

and may be freely stdAPP3Ed for addresses in the batch 35 operating
mode. The single call note OD+t-DT kHnverter 20 provides the

necessary operating voltage to the memory from one

10 or two cell batteries. The DC-to-DC converter 20
also includes current sources to provide power for
the remaining circuitry. 1In addition to the
detailed diagram of the hardware decoder, the CODEC
38 is shown operatively coupled to the hardware

15 decoder. The CODEC 38 digitizes real time audio
informatioh and provides the digitized data to the
memory in phase for appropriate storage under the
control of controller 70. When the paging receiver
is operated in the play state, the CODEC under

20 control of controller 70 receives data via memory
interface 72 and converts the digitized data to
synthesized audio information which is provided to
the paging receiver user as synthesized audio. .

III. Operation
Referring to FIG. 1, in the operation of

25 the paging receiver system, the paging receiver
includes an on/off control switch 54, a reset switch
58, a mode switch 60, a volume control 55, a
playback or play switch 56, a memory unread
indicator 32, a memory full indicator 33, and an

30 unread message counter 35. The on/off control 54
operates to turn the paging receiver on and off.
The reset switch 58 resets the paging receiver by
returning it to its standby or quiet state. The



-19- used by follow ng the pager address with the data nessage. Data
~information is transmtted at 600 bps to mnimze the cross falsing
" probability between the addresses and data. For a nore detailed 5
. description and inplenent of the Golay Sequential Code for tone, tone and
. voice, and data pages, reference is made to U S. Patent No. 4,427,980
i assigned to the present assignee of the present invention. |l. Hardware
" Enbodi nent 10 FIG 3 shows a bl6@ﬁ'diagran1for t he hardwar e
enbodi nent of decoder 14 of FIG 1. The hardware decoder 14 includes a

radi o and switch |n}g§E@c§ ?Qcha gggt gh%ggozg,a?rgf%ggl7 iﬁ% ngt 20, and

a timng and oscillator sec con ?8ts I nput
signal s fromthe raghanagd peni&eri gcootrade wbeneb¥nprtivathngrthe/ wite

oper ati ons aSSOC|atggs@ttngthrnghﬁkngimglg1§b§gngheshgéfngo aBd i h@ylng
back of nessages The cont r ol | udes a 8gram ogl c_array
*pr

sequencer, such as &P ﬁbﬁ&PFtﬁFBeNEHGPPe§hEBEfé FaﬂﬁﬁﬁléWaFFByspoglc a
control hardwe e sepllaeesl ¢heCpagink regetiberopar aifgaset hb8e8t hefhe

sections of the dec%@SEs %f e&er1%%CtEO%hLO£ag§Hglregelver are the
normal, push to listen (PTL), and silent mode. For
a better understanding of the different modes of
operation, attention is directed to FIGS. 4-7
10 wherein the modes of operation are described in
detail.
The volume control 55 varies the loudness of
the paging receiver’s audio. The play switch 56
operates to retrieve messages from memory. The
15 memory unread indicator, such as an LCD or LED,
indicates that the paging receiver has received a
message that has not been heard by the user. The
memory full indicator indicates that all memory
slots include a message and that the next message
20 received will overwrite the oldest meséage received
in time in memory. The unread message counter 35
indicates the number of unread messages stored in
memory.
The explanation now proceeds to FIG. 4 which is
25 a block diagram showing the operating states of the
paging receiver of the present invention. The
operating states comprise the standby, record, play,
and reset states. 1Initially, the paging receiver is
turned on and the paging receiver, depending upon
30 the mode of operation, begins to monitor the
communication channel for information, step 100. If
the paging receiver is in the normal or PTL modes,
the real time audio channel is enabled, step 102.
Enabling the real time audioc channel permits the

35 user to hear the real time audio information. The



nessage gueues, a counter section for handling the 25 physi cal menory

poi nters, a menory section for flagging individual messages as read or
unread, a snall state nmachine to determ ne the node status of the
controller, and a multiplexing decoder to interpret hardware junper inputs
for controlling the 30 | engt h of messages, maxi num nunber of nessages,
and the type of nenory connected. In additiggto controlling the operation
of the sections of the decoder, the controller operates several sections of
-20- the controller in a battery saving node in which power is selectively

di sabl ed from appr pm&yatselﬁeht nenacefivhbedd@@Qda&twﬁqmtsh&hgatﬁenQbameeded
For exanpl e, at poyer ug t he caeﬁgoller .selecti é " di,sabl es power to
the DC-to-DC convert&F aR31Phan prPﬁﬂgﬂf§@8e1¥ﬁ PLAES 4/d switch
interface 80 buffetsanaperseﬁrﬁnnthheetarnlng stateatd awstahdbyf o6f
generating the appﬁg Faggaggvgbg tggﬁggnabglgﬁh &ps and CODEC 38. The

radio and switch i ace formo evel shifter, such as
a Motorol a Ntﬁ4504de¥ﬁé°ﬁéﬁ%Yy PRPér§§§éV?ﬁﬂ@Pf§€e§hﬁhﬁlewnﬁwotbbu a0 the

mai n menory of thenpRgrPlehpE ¥B8hebisPpRvdiced UReincasasRiVaRighess
control and data the play switch, step 105.
Referring back to step 104, if the reset switch
is activated, upon deactivation, the reset switch
10 extinguishes the real time audio, step 166.
Eventually, after turn-on, the reset or play switch
is activated and the paging receiver system is
vectored to the standby state 108. Upon occurrence
of an incoming message 110, activation of a play
15 switch 112, or activation of the reset switch 114,
the paging receiver system is vectored to either a
record state 116, a play state 118, or a reset state
120, respectively. The explanation now proceeds to
a discussion of each of the states.

A, Record State
20 In the record state 116, depending

upon the position of the mode switch, one of three
modes are selected, either the normal, silent or PTL
mode.

1. Normal Mode
In the normal mode, after

25 detecting incoming information, the paging receiver
alerts the user with an alert characteristic of the
decoder type, either a tone or vibrate alert. The
alert is then followed by the voice message.
Simultaneously, the voice message is being recorded

30 in memory and may be retrieved any time after
storage. At any time during the record (storage)



15 transm ssion signals for storing and retrieving data to the nenory.
The nmenory interface may take the formof a Menory Managenent Unit as
manuf act ured by Mdtorol a under their designation MC68451. Table 1

il lustrates the nunber of nessages that 20 can be stored in the paging
receiver using particular configurations of nenory when the CODEC i s
operating at a specific bit rate. Even thougg-the table lists specific
menories, it is to be understood that nunerous other nenories can be used
25 in the practice of the present invention. Continuing with the above

descri bed table],c re§@%é%nghéoaébevatﬂagabtétﬁﬁmﬁﬂ£¥M¢k résébtespigtng

receiver is configure or_two ssage nd the . CODEC,is operating at 25

kil obits per secoﬁﬁx?¥ﬁﬁ¥%?h7%b elrgﬁf gFFFug??é?éscﬁ%g?rgosé%f%%%sl%f

- voice informati on compbetse} otke usepneancagain BOpitorsthe ehammel from

Table 1, the CODE r | p | LIy p | r et?h%“ﬂ!i 16
ﬁ%?eﬁefntﬁe égggné£3§8%5g ngééﬂg f%. e opg$a

KbPS per second, 2t per secon S per second. ting
-21- rates cén be L2|Retcreset|atpthecendeefi 8heragehi the npagiR@ ng recei ver

~or by switches extgsd@ivéP EORtPAGESILECHRBhYEHr the channel until a

| activation of the play switch or reset switch. 1In
practice, the paging receiver of the present
invention has a limited storage time allocated to a

10 given audio message, depending upon the amount of
‘memory that is used within the paging receiver. If
the voice message continues past the maximum storage
time, the user may listen to the message in real
time in its entirety but will not be able to replay

15 the entire message since recording terminates after
the predetermined storage time. On the other hand,
if the message is shorter than the predetermined
storage time, the paging receiver stores any channel
noise after the message until the memory slot is

20 filled. '

Referring to FIG. 5, upon the occurrence of an
incoming page and the selection of the mode switch
to the normal mode, the operational state of the
paging receiver is transferred to the normal mode,

25 step 122. The message counter is incremented by one
to indicate the recording of a new message 124. 1In
the normal mode, the user is alerted and, depending
upon the memory configuration of the paging
receiver, a predetermined number of seconds (X),

30 such as eight seconds (see Table 1 for examples of
X), of voice information is recorded in the first
available message memory slot, steps 126 and 128.
The user is able to listen to the real time audio at
the same time it is being recorded. Activating or

35 deactivating the play or reset switch extinguishes



_20- Tabl e 1 Message Length as a Function of Bit Rate and Menory Size One

256K CMOS DRAM Nunber of 5 Messages 16 KBPS 25 KBPS

32 KBPS 1 16 second 10 second 8 second 2 8
second 5 second 4 second Two 256K CMOS DRAMs 10 Number of
Messages 16 KbPS 25 KbPS 32 KbPS 1 32 second
20 second 16 second 2 16 seconda27- 10 second 8 second 4
8 second 5 second 4 second 15 One 1 Meg CMOS DRAM Nunber of
Messages 16 KbPS 25 KbPS 32 KbPS 1 64 second
40 second 32 secthe 2eal time2audio, step32398ecoAdtivafingetbadplayl6
second 4 of $86Q0swittB $8R299if the Et88588Y9cycie is not

complete) again enables the real time audio, step
132. After recording ”X* seconds of a voice

5 information, the recording is terminated and the
paging receiver continues to monitor the channel.
If any voice information continues to exist after
the predetermined number of seconds, it will be
output in real time audio to the paging receiver

10 user until extinguished. After the voice
information is extinguished, real time audio output
is terminated and the paging receiver system returns
to the standby state, step 108.

2. Push to Listen (PTL) Mode
During receipt of a page in the
15 PTL mode, the paging receiver alerts the user and
indicates an unread message. However, instead of
outputting voice audio as in the normal mode, the
audio is automatically reset (no audio presented to
the user), although the message does get recorded at
20 that time. Upon activation and continued activation
of either the play or reset switch, a user can hear
a message in real time. At this time, the message
is considered to be read. On the other hand,
activating either switch during the alert but
25 releasing it before the voice audio begins does not
constitute reading of a message and the unread
indicator remains active. Before the record cycle
has ended, continued activation of either the play
switch or reset switch monitors the channel. The
30 subsequent release of the switch resets the paging
receiver to its standby or quiet position.
In the PTL mode 134, the unread message
counters are incremented to indicate a message



©-23- Pursuing FIG 3, the timng and oscillator section 76 provides the
necessary timng signals and clock signals for all circuits in a manner
weld known in the art. The timng and oscillator section 5 may take the
formof a programmable timer/oscillator manufactured by Mtorola under the
desi gnati on MC145541B. The DC-to-DC converter 20 provides the necessary
operating voltage to the nenory fromone 1G2g8-0r two cell batteries. The
DC-to-DC converter 20 also includes current sources to provide power for
the remaining circuitry. In addition to the detail ed diagram of the

har dwar e decoder, tteeceGoEed; e Isttawn ThEenatriead wessagieed ndd calterhdsdwar e

15 decoder. The CURECaipidiated Al TR0 EOLTRY QR and

provi des the digiti e nenory e for ‘appropriate storage
under the control omread message/(is Wmortde@i p@gmomoes\t@p 138apefaeed in

the play state, theddiDRG undaited anddid Yoidle GNFcrBakdbn’ Qs ecel ves data

via menory interface 72 and converts the digitized data to synthesized

audi o i nfor maPi on WRIAFded & idE gt‘ﬁ:qr??é'pziﬁeﬁﬁ t80silder uder hgar
synt hesi zed audi 0. tHd vd}uﬁwmnﬁurﬂ}ﬁﬁaﬁlﬂn;ﬁeaﬂFthel the phayoper ati on of

25 t he pagi ng recelﬁveg_seﬁsvys%ﬁq} glhusq'.e lpeagacq:qwae‘__c 'vesrtepncll LidesT%n on/ of f

control switch 54, &
message is now considered “read”. Upon recording

for ”X” seconds of voice information, the system

10 returns to the standby state 108, but the user can
continue to monitor the real time audio via either
switch as long as the activation of the switch
occurred before the termination of the record state.

3. Silent Mode
Upon receiving an incoming

15 message, recording begins and the unread indicator
is activated. If during the incoming voice message
activation of either the play or reset switch
occurs, the voice message is applied to the speaker
transducer to provide a real time audio message.

20 once the record cycle has ended, the paging receiver
alerts the user of a page. If the paging receiver
includes a vibrator, the activation of either the
play or reset switch resets the vibrator. After
resetting the alert, activating the play switch

25 permits the continued output of the voice message.
This allows a user to stop vibration within the
paging receiver without having the page
automatically omitted. As in the push to listen
mode, a message is considered unread and the unread

30 indicator is activated. If the reset switch is
accidentally pressed prior to the detection of a
page (i.e., audio is enabled while a page is
detected), the paging receiver reverts to the normal



58, a node switch 60, a volune control 55, a playback or play switch 56, a
menory unread indicator 32, a nmenory full indicator 33, and an 30 unr ead
nmessage counter 35. The on/off control 54 operates to turn the paging
receiver on and off. The reset switch 58 resets the pagi ng receiver by
returning it to its standby or quiet state. The -24- reset switch al so
functions as a real tinme audi o channel nnnL?gL control, whereby activating
the reset switch at any tine allows the user"to nonitor the real tinme audio
~ channel . The node switch 60 5 pl aces the paging receiver in different

nodes. The nodes rafi of. [ | Vek cak@ ot rmal , push
to listen (PTL), a(ri1Hc dsélolgéﬁ mqn% q.bigl%"gg%é%é{eggﬁdergfaﬁ iengggget he
di fferent nodes of safidich iish achivatedmfiterdidesecsédonoof| the pagejothe

wherein the modes Qfad3RfY HdWI v riéEStdrae hieN cighdkell- wiks wel ume control
. 55 varies the | oudness of, the p%g%$ receiver's audio. The play switch 56
r %ﬁﬁﬂ%i

operates to retri eI Qeds mpde.15  nenory unread
indicator, sugh as an L@nyirhfig iwitilc ateferdnaie ttoe IS B daceheer has

- received a message rteQ:%[rJ] as%.'.arl'_oet lti.e6e,n ir}eq{hde %dteh%wqi%% igh%et to the
silent mode position, an incoming page transfers the
paging receiver from the standby state 108 to the
silent mode 146. First, the unread and message

10 counters are incremented and the unread message
indicator activated, steps 148 and 150. 1In the
silent mode, no audible alert is generated, however,
a paging receiver that is equipped with a vibrator
will vibrate after storage for a predetermined

15 number of seconds, steps 152-154. After ”X” seconds
of data are recorded, the system returns to the
standby state 108.

In any of the above modes, except when
alerting, activation and continued activation of the

20 reset switch provides real time channel monitor.
Also, in any of the above modes, if memory is full,
an incoming message causes the oldest message to be
overwritten, regardless of whether it is read or
unread.

B. Play State
25 Referring to FIG. 6, from the standby

state 108, the activation of the play switch
transfers the system to the play state 118 to begin
replaying of the stored messages from most recent to
oldest. If the play switch is activated with no

30 messages in memory, a two KHz “memory empty” tone
sounds for the duration of activation indicating
that the paging receiver is functioning but no
messages have been received since turn on, steps



menory full indicator indicates that all nmenory slots include a nessage and
that the next nessage 20 received will overwite the ol dest nessage
received in tinme in nenory. The unread nessage counter 35 indicates the
nunber of unread nmessages stored in nmenory. The expl anati on now proceeds to
FIG 4 which is 25 a bl ock diagram showi ng the operating states of the
pagi ng receiver of the present invention. The operating states conprise the
standby, record, play, and reset states. Int3®ally, the paging receiver is
turned on and the paging receiver, depending upon 30 t he node of
operation, begins to nonitor the communication channel for infornation,

step 100. If the patfgtfecei TRe F¥stemiHeencrebpres Y thertandhe real

time audi o channel stat@abd®dvhén ebhd OgwitORbls NGeddiveeed | | UL,
channel permts tth user tthear he gﬁ&l t%ne audi o infpormation. The
% hgt

3
-25- play switch is %E?’Fﬁ’a?%ab? 2t FHER HRe$229°% i T i PSYNd the
pagi ng receiver stathkeimost anetent coessaget he playednfsémtimenary sy andby or

quiet state 108 vi asgaaeéségfngpnéh&%déo seddll 16603 Relre AN, AFL A1 OF
of the play swtch, nenory enpfy tone I§ produced unti] deactivation of
to FIGS. 10A~11 for a more detailed discussion of
the operation of playing back stored voice messages
via a microprocessor. If the reset switch is
activated and deactivated at any time during the
10 replay operatioh, replay is aborted by extinguishing
the synthesized audio and the paging receiver
returns to the standby state 108 after the reset
switch is deactivated, steps 168-170. While the
reset switch is activated, the real time audio is
15 enabled.

Referring back to step 168, if the play switch
is not activated during the replay of a message, the
paging receiver returns to the standby state at the
end of the message, unless there is an unread

20 message in memory, steps 172-174. If an unread
message in memory exists, it is also replayed with a
one-half second two KHz tone separating the
messages. It is important to note that messages are
automatically played in reverse chronological order,

25 so if a read message exists between two unread
messages, the read message is also heard.

The activation of the play button during replay
of any message causes the pager to jump ahead and
begin replay of the next most recent message in

30 storage, steps 174-176. Activation of the play
button during the replay of the oldest message in
memory returns the pager to its initial standby
state, step 178.

To clarify the issue of a ”"read” message, a

35 message is considered “read” when the first two

seconds of the message slot are played even if no



the play switch, step 105. Referring back to step 104, if the reset switch
I s activated, upon deactivation, the reset switch 10 extingui shes the
real tine audio, step 106. Eventually, after turn-on, the reset or play
switch is activated and the paging receiver systemis vectored to the
standby state 108. Upon occurrence of an incom ng nessage 110, activation
of a play 15 swtch 112, or activation of the reset switch 114, the
pagi ng receiver systemis vectored to either3¥rrecord state 116, a play
state 118, or a reset state 120, respectively. The expl anati on now proceeds

to a discussion of each of the states. A Record State 20 )
In the record stat ¥CRRR IdeRARFNY up Fhish PERIENEDH AW LIS 3o F eaFk ivch,

one of three nodes o aehatd middiffe tmcfrwrirmlthéidm wintdlltgrode. 1.

Nor mal Mbde In the _normal .node, after 25 etecting, i ncom ng . nformation
" the paging recei velreﬁ%?tlk"st I?ed%rt%ﬁ%? a'srltad'?@l{ nb‘%iaer }é’t ecryfcgﬁ"cg of the
' decoder type, eithahmuginehe madmages avidth . theheldy rgwitsh.hen fol | owed by

t he voi ce nessage. Si nul q,hg_g} . V/Ql P [ G- ded 30
in menory andgrray be retfrférk\e/e a?%/aq?%ega.% st or agel.r%AP&any trficr?&r during
the record (storageperation, the replay is aborted and the paging

receiver reverts to the normal mode. At the end of
the incoming message, manual reset quiets the paging
receiver. Once reset, the pager returns to the

10 previously chosen mode of operation.

As previously stated, only messages received
while in the silent or PTL modes are considered
unread and are tracked by the unread message
indicator. Messages heard in the PTL mode by

15 holding down the play or reset switch following the
alert are considered ”“read.” Once all messages are
read, the unread indicator is extinguished.

In the PTL or silent mode, a change made to the
normal mode indicates that the user is now available

20 to hear messages. Therefore, if there exists any
unread messages in storage, all stored messages
(whether read or unread) automatically begin playing
in reverse chronological order until all unread
messages are played out. Each message is separated

25 by a one-half second two-KHz tone. Pushing the
reset switch extinguishes the synthesized audio tone
portion of the message. At that time, the first
message that is played is considered read if the
first two seconds of the memory slot have expired.

30 Any other unread messages remain unread and the
unread message indicator continues to be active. If
the most recent message is unread, pushing the reset
switch cancels the unread message indicator (after
the first two seconds) and resets the paging

35 receiver to its standby state. Any other mode
changes do not affect the messages.



-26- cycle, the activation of the play or reset switch extinguishes the
real time audio. Before storage is conplete, the user can again nonitor the
channel with either the play or reset switch. If the audio 5 i s not
reset at the end of storage, the paging receiver continues to nonitor the
channel until a activation of the play switch or reset switch. In practice,
t he pagi ng receiver of the present invention has a limted storage tine

all ocated to a 10 gi ven audi o nessage, depgpdi ng upon the anount of
menory that is used within the paging receiver. If the voice nessage
continues past the maxi num storage tinme, the user may listen to the nessage
inreal tine inits entirety put pekbtnNgtabe able to repl ay 15 the entire

nmessage since recording termnateS after, the p nhged S g¢e time. On
the other hand, if the nessage |sR§ﬁGFFéPgtﬁ8nFFﬁe gre Bef ﬁ%ﬁ $PBr age
. time, the paging regflvaeagtivatiany ofheheckresetsswiatthr transfessagkreunti |

Y o o SnavehenLbpoEne Fegpt) Alakl Tof. S1UPAR hO&LOSGLEERNCE Of

~an incomng page an € nmode“swi t
the operational stafis settheo thei ngrmedeimede,i ther xpaleting audineimor nal

mode, 25  step 122,n,fhgqTESEaRE §8Y0486.1 STiENeh8MBRIBHEPKoRB 1S

selected, the real time audio is enabled, steps 182-
188. Finally, if the PTL mode is selected, the real
time audio is also enabled, steps 184-190. The
system is then returned to the standby state 108.

10 Prior to relating the above operation to the
microprocessor embodiment of the paging receiver
system, a summary of the coperations in general may
merit review. The following tables include a brief
description comparing the operation of the play

15 button and reset button during different operating
states of the paging receiver system.



to indicate the recording of a new nessage 124. In the normal node, the
user is alerted and, dependi ng upon the nenory configuration of the paging
recei ver, a predeterm ned nunber of seconds (X), 30

(see Table 1 for exanples of X),
first avail abl e message nenory sl ot,

listen to the real
Activating or 35
-27- the real tine audio,

audi o, step 132.

tinme audio at the sane tinme it
deactivating the play or
step 130. Activati¥y
(only if the storage cycle is not conplete) again enables the real
After recording "X' seconds of a voice 5

such as ei ght seconds

of voice information is recorded in the
steps 126 and 128. The user is able to
i's being recorded.

reset switch extingui shes

the play or reset switch

time
i nf ormati on,

the recording is termnated and the pagi ng receiver continues to nonitor

t he channel .

. predeterm ned nunber of seconds,
t he pagi ng receiver 10 user
information is extinguished,
pagi ng receiver systemreturns to the stand

| Listen (PTL) Mode

After
turn-on
alert
5
Standby
10
15
During
Alert
20
During
Voice

until

it will
ext i ngui shed.

Ta

NORMAL MODE

PLAY BUTTON

Activating the
switch extinguishes
the real time audio
and outputs the 2
KHz “memory empty”
tone for duration of
activation. Upon
deactivation, the

2 KHz tone is
extinguished.

With each succesive
activation, initiates
playback of the next
message in queue.

If playing oldest
message, activation

switch returns radio to

standby state. If no
messages are stored, a
*memory empty” tone is
generated upon switch
activation. '

No action.

Extinguishes real time
audio upon switch
deactivation.

I f any voice information continues to exist after the

be output in real tine audio to
After the voice

real tinme audio output is termnated and the
bX state, step 108. 2. Push to
ble 1

RESET BUTTON

Extinguishes
real time audio
channel upon
deactivation.

" Monitor real

time audio.

No action.

Extinguishes
real time audio
upon switch
deactivation.



During receipt of a page in the 15 PTL node, the paging receiver alerts
the user and indicates an unread nessage. However, instead of outputting
vois<ce audio as in the normal node, the audio is automatically reset (no
audi o presented to the user), although the nessage does get recorded at 20
that tinme. Upon activation and continued activation of either the play or
reset switch, a user can hear a nessage in real tinme. At this tinme, the

" nmessage is considered to be read. On the other hand, activating either
switch during the alert but 25 releasing rt4before the voi ce audio begins
does not constitute reading of a nmessage and the unread indicator remains
active. Before the record cycle has ended, continued activation of either
the play switch or reset switch nonitors the channel. The 30 subsequent
~release of the switch resets the paging receiver to its standby or quiet

. position. In the PTL node 134, the unread nessage counters are increnented
. to indicate a nmessage -28- received, step 136. The unread nessage

' indicator is subsequently enabled to indicate to the user an unread nmessage
' is recorded in nenory, step 138. The user is alerted and the voice
Cinformation is Table 2

PTL (PUSH-TO-LISTEN) MODE

PLAY BUTTOH RESET BUTTON
After Activating the switch Extinguishes
turn-on outputs a 2 KHz real time audio

memory empty” tone upon

for duration of deactivation.

activation. Resets
real time audio

5 channel on activation:
resets 2 KHz tone upon
deactivation.
Standby With each successive Monitor real
activation, initiates time audio
10 playback of the next channel.

message in queue. If
playing oldest message,
activating switch
returns radio to standby
state. If no messages
are stored, a “memory
empty” tone is

15 generated upon switch
activation. -
During
Alert No action. No action.
20 During
Voice Listen to audio real Listen to audio
time. Provides real time.

limited channel
monitoring capability.



5 recorded for "X' seconds, steps 140-142. To hear the voice
information in real tine, the play or reset swtch nust be activated, step
144. The nessage i s now considered "read". Upon recording for "X' seconds
of voice information, the system 10 returns to the standby state 108, but
t he user can continue to nonitor the real tinme audio via either switch as

|l ong as the activation of the switch occurred before the term nation of the
record state. 3. Silent Mdde Upon receiving3gana i ncomng 15 nessage,
recordi ng begins and the unread indicator is activated. If during the

i ncom ng voi ce nessage activation of either the play or reset swtch
occurs, the voice nessage is applied to the speaker transducer to provide a
real tinme audi o nessage. 20 Once the record cycle has ended, the paging
receiver alerts the user of a page. If the paging receiver includes a
vibrator, the activation of either the play or reset switch resets the
vibrator. After resetting the alert, activating the play swtch 25

permts the continued . output of the voice nessage. This allows a user to
stop vibration within the pagi ng recei verrablh@t havi ng the page
automatically omtted. As in the push to listen node, a nessage is

consi dered unread and the unread 30 indicator is activated. |If the reset
switch is accidentally pressed prior tESILENRMARion of a

PLAY BUTTON RESET BUTTON
At Radio vibrates for a Radio vibrates
turn-on predetermined time a predetermined
alert period such as 8 period such as 8
seconds or until seconds until
play switch is reset switch is
activated. activated.
5
Standby With each successive Monitor real
activation, initiates time audio
playback of the next channel.
message in queue.
If playing oldest
10 message, activating the
switch returns radio to
standby state. If no
messages are stored, a
“memory empty* tone is
generated upon switch
activation.
15
During
Alert Resets vibrate alert. Resets vibrate
alert.
During
Voice (By chance) Listens to (By chance)
20 real time incoming Listens
audio. However, to real time
message is not incoming audio.
considered read. However, message
is not

considered read.



page (i.e., audio is enabled while a page is detected), the paging receiver
reverts to the normal - -29- nbde and nust be manually reset. If the reset
swi.tch is activated after detection of the page, the paging receiver
nmonitors the channel with no reversion to the normal node. 5

Continuing with reference to FIG 5, in the record state 116, if the node
swtch is set to the silent nbde position, an incom ng page transfers the
pagi ng receiver fromthe standby state 108 B6the silent node 146. First,

t he unread and nessage 10 counters are increnmented and the unread nessage
I ndi cator activated, st 14 and 150 In t he |Ien npde, ng audlble
alert is generated, ho er, tRyshasy | =fa¥t.
vibrator wl| V|bramyeatn@m storage for a predetern1ned 15 nunber of
seconds, steps 152-154. -154. Aft X t recor ded. th system
returns to the standby state%‘r gx Fﬁ%%%ﬂ%} Fﬁg%é ggégﬁnﬁﬁg aé?éﬁﬁtg

al erting, actlvatl@ﬁoﬁﬁ@méomm|ﬂ9ﬂ$kﬂ§ﬁ\kﬁ|&ﬁ¢n9ﬁ finethe reaésenlymﬁtch

~provides real tinemeh@ryel30 R deratlesthd &&l})bpgectegso?bove modes, i f

menory is full, an.ingcom ng nessage causes the o st nmessage to be
implementation of the paging receiver.

A. Power On Routine

) Referring to FIG. 8, there is shown a
flow chart for the power on sequence which takes the
paging receiver from the off mode to the standby
mode. Upon power up, the system is vectored to the
power on reset routine, step 192. The power on

10 reset routine initializes the hardware and the
software to process the incoming paging information
and to store the digitized voice information in the
appropriate memory slots as received. Specifically,
STATE, ALPHA, and BETA variables are reset to

15 initial conditions. Briefly, STATE relates to
playing back the message in chronological order from
earliest to oldest. ALPHA points to the memory slot
having the most recent message. BETA points to the
memory slot having the next most recent message.

20 Their use will become apparent with reference to the
remaining figures. After basic housekeeping is
completed, the power on routine passes control to
the open routine, step 194. The open routine
enables the real time audio channel to allow the

25 paging receiver to listen to incoming information.
Upon completion of these tasks, the open routine
passes control to the standby routine, step 196.

The standby routine 196 enables the interrupt
system for the microprocessor and prepares the

30 paging receiver to receive incoming information.

The system as illustrated is an interrupt driven



overwritten, regardless of whether it is read or unread. B. Play State 25
Referring to FIG 6, fromthe standby state 108, the activation of the play
switch transfers the systemto the play state 118 to begin replaying of the
stored nmessages from nost recent to ol dest. If the play switch is
activated with no 30 messages in nenory, a two KHz "nmenory enpty"” tone
sounds for the duration of activation indicating that the paging receiver
is functioning but no nessages have been rgcgived since turn on, steps

-30- 160-164. The systemthen returns to the standby state 108 when the
switch is deactivated, step 165. Referring back to step 160, if nmessages

exist, then the n%%is_tre%ﬁiﬂi' WS & ie%e@i@%éﬂa@@%“@p)écﬁ\fi@ level
synt hesi zi ng t he aud|o,,steﬁiﬁg§. Ref erence is nade to FIGS. 10A-11 for a

nmore detail ed di s@&brt & &atihen CEHAPRPSRFSOXck fored voi ce
messages VvVia a nm afedpodsessdthe hfidrvpricesdisornisdartes thecicuraiest and

denct Vet el ot S L 000 Mo SRR X ot Bl 0T
the standby State whighafingludes megoutine to process the interrupt
generated by the event, step 198.

Two methods of implementing the above sequence
are commonly used in microcomputeré. These are
called polled interrupts and vectored interrupts.

10 ‘Polled interrupts are those in which each peripheral
device is tested, using either hardware or software,
until the requesting device is found. Program
execution is then directed to the appropriate
interrupt-service routine which executes the data

15 exchange. In this method, the priority of the
device is determined by the relative position of a
device in the polling sequence. In contrast,
vectored interrupts are those in which the event
causes program execution to proceed directly to the

20 appropriate service routine.

In the illustrated embodiment, the polling
interrupt system is described, however, it is to be
understood that a vectored interrupt system would
wofk just as well. After the interrupt system is

25 enabled, the microprocessor waits in the standby
state for an interrupt, step 196.

B. Interrupt Routine

Eventually, an interrupt is caused by
either incoming paging information, the activation
of the reset switch, or the activation of the play

30 switch, step 198. Upon the occurrence of the
interrupt, the microprocessor is vectored to an
interrupt routine, step 199, a detailed flow chart
of which is shown in FIGS. 9A-B. Since the receipt



switch is deactivated, steps 168-170. Wile the reset switch is activated,
the real tine audio is 15 enabl ed. Referring back to step 168, if the
play switch is not activated during the replay of a nessage, the paging
receiver returns to the standby state at the end of the nessage, unless
there is an unread 20 nmessage in nenory, steps 172-174. |f an unread
nmessage in nenory exists, it is also replayed with a one-half second two
KHz tone separating the nessages. It is inpof®ant to note t hat nmessages are

automatically played in reverse chronol ogi cal order, so if a read
nmessage exi sts between two unread ness the re gﬁge .S _al hear d.
The activation of tHe PIRPYIR qqﬂﬁgifqdf%' aﬁ%@sﬁ&é R égs t he

pager to junp ahead'.l'emd:é:zagz rswﬂpma)omfadﬁm/am)dn s tthiee pdiaty mesisade in 30
storage, steps 174- 176, .o iﬁgbfgﬂégl QH%»Q%d%%Eh&gm g% repl ay of
eturne pager

t he ol dest nessage 1n nenDr Initial andby
state, step 178. T(Sietﬁ%ﬁnllfrye twhel ¢l srendiift ipn' Igﬁ@raﬁ@@séél@ 1éi\1‘—31"9'1'111)@!5ssage
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| ayed even if no -31-
p- y the interrupt routine, step 200. The method then

- determines if the interrupt was generated by either
incoming information, the reset switch or the play
switch. '

10 Referring to FIG. 9A, if the interrupt is
caused by an incoming message, the message must be
recorded, step 202. The method vectors the
microprocessor to a record routine which records the
message into one of a plurality of empty message

15 slots, step 204. If no empty message slots exist,
the message is recorded into the message slot having
the oldest message. A complete disclosure of the
record routine is shown with respect to FIGS. 12A-B.

For purposes of illustration, the paging

20 receiver of the present invention is shown with only
two message slots. However, a plurality of message
slots can be used which is the subject of copending
application entitled “Prioritization of Stored
Messages in a Digital Voice Paging Receiver”, having

25 serial number 07/068,683, filed even date herewith,
having attorney’s docket number CM00485J, invented
by Fisch et al., being assigned to the assignee of
the present invention.

Referring back to step 202, it is determined

30 whether the paging receiver is recording by polling
an encoder line on the CODEC, step 206. If the
system is not in the record state, the system is in
either the play or standby state and the interrupt
was generated either by the play or reset switch,

35 step 208. If the real time audio is enabled, this



voice is present. This prevents accidental clearing of the unread nessage
- flags if the user wants to reset his pager to the standby node by cycling
t hr.ough the nessages with the play switch. 5 If a new page is
received during the replay operation, the replay is aborted and t he pagi ng
receiver reverts to the normal node. At the end of the incom ng nessage,
manual reset quiets the paging receiver. OncggLeset, the pager returns to
the 10 previ ously chosen node of operation. As previously stated, only
nmessages received while in the silent or PTL nodes are considered unread
and are tracked by thpliesetHemassagési ndhdsbeingMeheagealhesnd aadqibe PTL

node by 15 holdln%%ggﬂg}tgg thysggndg§egtgggtﬁgdfghlo Qﬁﬂ%he alert are

consi dered "read nmessages are‘rea eunread cator is
extingui shed. In th@xpmqbiSBESenhenveel tivkaaydigudetep 2he. noafieérnode

indicates that the pfgrrbs1netnavaihab! QSZthlheu*ragﬁéd”EE 8%stnodherefore,
i f there exi St% any uny ead nmessages | n storage st ore nmessages
r

(whet her read un?EﬁH}eﬁuFBﬁa%PﬁﬁFFVPﬁégFﬁ ﬁFa?PnﬁeFﬁcFe%@Ysﬁurther
chronol ogi cal orderintértupts, ustepd2MessagRe AbehBHa¥REnOBétuERs§h Message

Swi toh ext .eﬂgﬁflhesf‘%ﬁegg%gaézf%eﬁgél‘a’a%ﬁ”eE‘ﬁ'% 38 EhgPRF A CrRRSLSE. A

“that tinme, the firsisnpetagecondingsapdaybed reatohinedecaedioecchanfiel his

| extinguished, this implies the system is in the play

10 state. Thus, the method determines whether the user
has activate¢ the play switch to play back a message
as will be discussed with reference to FIG. 9B.

Referring back to step 206, if the system is

recording, then the interrupt was generated by

15 either the play or reset switch during the record
state. The method then senses the mode switch to
determine whether the silent, PTL, or normal modes
are selected, step 216. The method then determines
whether the silent mode is selected, step 218. If

20 the silent mode is selected, this implies that the
user has activated the play or reset switch to
enable the real time audio channel. The method
enables the real time audio channel, enables the
interrupts and returns, steps 220, 212 and 214.

25 Referring back to step 218, the method then
determines if the PTL mode is selected, step 222.
If the PTL mode is selected, this implies that the
user wishes to hear the real time audio while it is
being recorded. Therefore, the method enables the

30 real time audio channel, step 224. The method then
enables the interrupts, and returns, steps 212-214.

If the system is not in the silent or PTL mode,

then the system must be in the normal mode, step
226. In this case, it is determined whether the

35 real time audio is enabled by checking an audio flag



first two seconds of the nmenory slot have expired. 30 Any ot her unread
nmessages remain unread and the unread nessage indicator continues to be
actsive. |f the nost recent nessage is unread, pushing the reset switch
cancel s the unread nessage indicator (after the first two seconds) and
resets the paging 35 receiver to its standby state. Any other node
changes do not affect the nessages. -32- C. Reset State Referring to
FIG 7, the activation and deactivation of th#0Teset switch transfers the
systemto the reset state 120. If the node switch is set to the norna
node, the real time gudio js 5 enabl ed, steps 180-186. If. the sjl|ent
mode is sel ected, tHEYAY 15 5RE RYithesr e’aoul’é'}’éeps tﬁez-c{ll‘%:é‘.sﬁji%l ly,
~if the PTL node is sof aiich idegivenh with pespect stalBIGRnaldzd, stens
184-190. The systemﬂé%trm¥k

Prior to relating the above {)%ér;%]?e%}itg%égﬁ%'?#%?%%aritc%sgoonrl'og"}%%gtfer%md of
the paging receihve][ @ﬁm%@%ﬁﬂa&rwmlthﬁnﬁfw?m mnnﬁhm aﬂesm?sn
Ton Cpbrat fon 31 paAPIASnS gy, ebyend, Uit el cHesSOLEd O SRS 0
oper at i ng ag 'is off, the real time audio channel 7is enabled
and the audio flag is set, step 232. After either
extinguishing or enabling the real time audio
channel, the interrupts are enabled and the system
10 returns, steps 212-214.

Referring back to step 208, if the real time
audio channel is off and the system is not
recording, then the interrupt is a play switch
interrupt. The method then places the system in the

15 play state. Referring to FIG. 9B, there is shown a
meﬁhod for operating the system in the play state.

In the play state, a message is played back
starting with the most recent message. If the next
message is required, the play switch must be

20 activated during the playing of the present message.
Referring to FIG. 9B, if the synthesized audio is
on, this implies that the next message is to be.
played. If the synthesized audio is off, the most
recent message is played back. This is accomplished

25 by the play ”A” routine. Briefly, play 7A” routine
plays the most recent message stored in the two
message slots as determined by the ALPHA variable.
The play ”“A” routine is discussed in detail with
respect to FIG. 10A. If the synthesized audio is

30 on, the user desires to play back voice information
stored in the next message slot. A variable STATE
indicates if the synthesized audio is on or off. If
STATE is zero, then the synthesized audio is off.

If STATE is on, then the synthesized audio is on.
35 The method first determines if STATE is equal to



stétes of the paging receiver system -33- Table 1 NORVAL MODE PLAY

BUTTON RESET BUTTON After Activating the

Ext.i ngui shes turn-on swi tch extingui shes real tine audio alert

the real tinme audio channel upon and outputs the 2 deacti vati on.

KHz "menory enpty"” tone for duration @f 5 activation. Upon
- deactivation, the 2 KHz tone is extinguished. Standby Wth each

succesi ve Monitor real activation, ini441ates time audio. 10

pl ayback of the next nmessage in queue. |If playing ol dest nessage,
activation switch returns radio to standby state. If no nessages are
stored, a 15 zero, step ridfor y MATATR dise Zeyo, the system

executes the play ”“A” routine which will play the
most recent message after the present synthesized
audio message terminates.

5 Referring back to step 238, since the routine
play ”A* sets the variable STATE equal to one during
its execution, the most recent message is playing.
If the play switch is activated during the most
recent message, the system plays back the second

10 most recent message, step 242. Since the system
finds the variable STATE equal to one, the system is
vectored to a play “B” routine, step 243. The play
”B” routine plays the second most recent message.

At the beginning of the play “B” routine, the STATE

15 variable is set equal to two. Referring back to
step 242, if the play switch is activated during the
play back of the second most recent message, the
method vectors the system to extinguish the
synthesized audio channel, steps 244-246. The

20 method then sets the variable STATE equal to zero so -
that repeated activation of the play switch causes
the system to repeat steps 234-248. If the state is
higher than the number of message slots (as
illustrated two message slots), then a

25 microprocessor failure has probably occurred and the
system jumps to the power on reset for
reinitialization of the microprocessor, steps 247

and 249.
C. Play A Routine
FIG. 10A shows a flow chart for the
30 play ”A” routine which plays the most recent message

from one of two message slots in the paging
receiver. The method begins by setting the variable
STATE equal to one to notify the system that the



generated upon switch activation. During Alert No acti on.

No action. 20 During Voice Extingui shes real time Extinguishes audio
upan switch . real tine audi o deactivation. upon switch
deacti vati on. -34- Table 2 PTL (PUSH TO LI STEN) MODE PLAY BUTTON

RESET BUTTON After Activating the switch Ext i ngui shes turn-on
outputs a 2 KHz real time audio " Jror y enpty" tone upon for
dur ation of deactivation. activatioh? Resets real tine audio 5

channel on activation; resets 2 KHz tone upon deactivation. Standby
Wth each successiVg,or MROLAL ndE8AgECHL VEBLIRG pldYdd AlSep F4dT8 Ayl O
addition to setting the variable STATE equal to one,
the synthesized audio channel is activated, step
251. The method then enables the interrupt to allow
5 the system to respond to incoming information, step
252. If paging information is received during the
play routine, the play routine is terminated and the
paging receiver responds to the incoming paging
information. The method then determines if there
10 are any unread messages, step 254. If there are
unread messages, the system is vectored to an unread
message routine.
Referring back to step 254, if there are no
unread messages, then the method checks to determine
15 if there are messages stored, step 256. A variable
ALPHA, dependent on the number of messageé, is
analyzed. If ALPHA equals zero, then no messages
are in the receiver and the system generates a
"memory empty” tone to indicate that there are no
20 stored messages, steps 256-258. The system then
deactivates the synthesized audio channel and waits
for incoming paging information or for a user input,
steps 260 and 262.
. Referring back to step 256, if there are stored
25 messages, then it is determined if the most recent
message is in slot one or slot two. If ALPHA equals
one, the most recent message is in the first message
slot, step 264. .The system begins reading the .
digitized data in the first message slot and
30 providing a replica of the original audio
information on the synthesized audio channel to the
user, step 266. After playing back the most recent
message, the system extinguishes the synthesized
audio channel and returns, steps 260-262.



10 pl ayback of the next channel . nmessage in queue. If
pl ayi ng ol dest nessage, activating switch returns radio to standby state.
I f .no nessages are stored, a "nenory enpty" tone is 15

generated upon switch activation. During Alert - No acti on.

No action. 20 During Voi ce Listen to audio real Listen to audio
time. Provides real tine. Iiniteq4guannel nmoni toring capability.
-35- Table 3 SILENT MODE PLAY BUTTON RESET BUTTON At

Radi o vibrates for a Radi o vi brates turn-on predeterm ned tine

a predeternined alert pererR8hgObatsChAStdp 264, ifPREPAA $HCHoRS 8
seconds or until seconds unti

equal to one, then ALPHA is'equal to two or greater.
If ALPHA equals two, the most recent message is in
slot two and the system reads the digitized data

5 from slot two and provides synthesized audio to the
user, step 270. After playing back the synthesized
audio from message slot two, the system extinguishes
the audio channel and returns, steps 260-262.

Referring back to step 268, if ALPHA is greater

10 than two, a malfunction has occurred in the
microprocessor. Thus, the system is vectored to a
force reset, step 271.

Referring back to step 254, if there are unread

messages, the system is vectored to an unread

15 meésage routine as shown in FIG. 10B. Referring to
FIG. 10B, the unread message counter is decremented
to signify the playing back of an unread message,
step 272. Next, the interrupts are enabled so the
system can respond to incoming information, step

20 274. Next, ALPHA is tested to determine the
location of the most recent message. If ALPHA
equals one, the most recent message is in the first
message slot and the system reads the digitized ’
voice information from the mosi recent and plays a

25 replica of the information on the synthesized audio
channel, steps 276 and 278. After playing back the
message from the first message slot, it is
determined if there are any other unread messages
remaining, step 280. If the answer is yes, then the

30 system is vectored to the play ”B” routine which
plays back the second most recent message. Since in
the illustrated embodiment there are only two
nessage slots; the playing back of the second most
recent message indicates no unread messages remain.

35 Therefore, the unread message indicator is



pléy switch is reset switch is activated.

activated. 5 Standby Wth each successive Moni tor real activation,

i ni.ti ates ti me audi o playback of the next channel . message in gueue.

I f playing ol dest 10 . nmessage, activating the switch returns

radio to standby state. If no nmessages are stored, a "nenory enpty" tone is
- generated upon switch activation. 15 During_ghert Resets vibrate

alert. Resets vibrate alert. During 20 Voi ce . (By chance) Listens

to (By chance) real tinme incon ng Li stens audi o. However,

to real tine nessagext$nfflished, step 288QN PHeapla9. #BONSLAdEiAd i8ad.
| Hovever. message s figl, €003L H8R00oESA 00,
’
Referring back to step 276, if ALPHA is not

equal to one, then it is determined if ALPHA equals

5 two, step 282. If ALPHA equals two, then the most
recent message is in the second message slot and the
system plays back the digital stored voice in the
second message slot, step 284. After playing back
the digital information in the second message slot,

10 it is determined if there are any unread messages,
step 280. If so, then the second most recent
message is played, steps 291 and 292. Referring
back to step 282, if ALPHA is not equal to one or
two, then there are no messages to play and the

15 synthesized audio channel is extinguished, step 28s.
The system then returns to the standby state, step
290.

D. Play B Routine
The play B routine plays back the

second most recent message from either one of the
20 message slots. The play “B* routine is executed
after the play “A” routine executes. Referring to
FIG. 11, the routine is entered and the variable
STATE is set equal to twd for notifying the system
that the second most recent message is to be played,
25 step 300. The synthesized audio channel is then
activated and the interrupts enabled to allow the
paging receiver to respond immediately to incoming
paging information, steps 302 and 304. It is then
determined if any unread messages are available,
30 step 306. If there are unread messages available,
then the unread message counter is cleared, since
all unread messages will have been read after the
play “B” routine replays the oldest message in a

two-message slot system, step 308.



-36- 1V. Mcroprocessor Enbodi nent of the Present Invention FIGS. 8-12B are
flow charts explaining the prograns or routines as stored in the read only
menory 30 to operate the m croprocessor inplenmentation of the paging
receiver. A Power On Routine 5 : Referring to FIG 8,
~there is showmn a flow chart for the power on sequence which takes the

" paging receiver fromthe off node to the standby node. Upon power up, the
systemis vectored to the power on reset rauyg-ne, step 192. The power on 10
reset routine initializes the hardware and the software to process the

I ncom ng paging information and to store the digitized voice information in
t he appropriate nmenory Mmeﬂxa&tﬂe«emetmmjxféscajﬂeyvasmﬂﬁf ALPHA, and
BETA vari abl es arevr§§% On%%ed' i al dHEE% 1né@' SE% E
relates to playing 5 e nessage i f chronol ogica order ronlea iest to
ol dest. ALPHA poi msgqogndt meske recend] aessadend st ledthen ineddet figsdage.

~ BETA points to thejiaaRe $1¢k 3Yidhe diedie mdBitge A, M§S3gey 20

~ Their use wil|l becone apparent with reference to the renmmining figures.
After basic heusek&SNel§ Zerombhere) is me seRaNd Mast HeGent FeSEagent r of
~to and the system is vectored to the standby state

after deactivating the audio channel, steps 310-314.
If BETA is not equal to zero, then BETA is tested
for the value one, step 316. If BETA equals one,

10 the second most recent message is in the first
message slot and the system plays back the second
most recent message contained in the first message
slot by synthesizing the digital voice information
through the CODEC and replicating the voice

15 information on the synthesized audio channel, step
318. After the synthesized voice information is
played back, the system deactivates the synthesized
audio channel and returns, steps 312-314.

Referring back to step 316, BETA is checked for

20 the value two, step-azo. If BETA equals two, then
the second most recent message is in the second
message slot and the system plays back the digitized
voice information in the second message slot through
the CODEC to the synthesized audio channel, step

25 322. After the voice information is played back,
the systeﬁ returns to the sténdby state, step 314.

E. Record Routine
FIGS. 12A-B show a detailed flow chart
for the record routine of the present invention.

The record routine records the digitized audio

30 signal from the CODEC in the appropriate message
slot and tags the message as the most recent
message.



the open routine, step 194. The open routine enables the real tinme audio
channel to allow the 25 pagi ng receiver to listen to incom ng

i nformati on. Upon conpl etion of these tasks, the open routine passes
control to the standby routine, step 196. The standby routine 196 enables
the interrupt systemfor the mcroprocessor and prepares the 30 pagi ng
receiver to receive inconmng information. The systemas illustrated is an

i nterrupt driven -37- systemin which anpgvent generates a specific
level on an input line to the mcroprocessor. In response, the

m croprocessor saves the current executing address and branches to a nenory

?ﬂdress t5 t\/\/ni ESSi n_?_"l‘!ffiﬁsrcﬁn’é 'tr{;_; MHyoapsdatiig ithe mdg¥aggener at ed by
e event, step .. Two met haods o enent the a ue are
conmonly used in ROt A 'Pr%isgj ‘gd’ dl | g&'i ?‘é’?’r’&&t@ and
vect OLEd : néerruptnsessm;e g(}cgﬁeaﬂ, | Siirese umr-&{par;mmit:sse:d rthehimdsteach

peri pheral device _is teste usi ng..eithe I until the
requesting device Lee ?‘}eﬁnﬂ?s% q?ﬁ % ecs{J ar%é;l %];&eec wg'ltlo t he
appropri ate bnt er mgplas e smnchenm meqaté'cmwaqee pedinters to by
exchange. I'n thi gt Node, d e did OTeHe g¥irdt¥rs ALPHA and BETA are

swapped so that they point to the most recent

message and second most recent message respectively.
After the values for ALPHA and BETA are swapped, the

10 method determines the mode of the system, step 352.
The method then determines if it is in the silent
mode, step 354. If the system is in the silent
mode, the unread message indicator is activated to
notify the user that a message has been recorded,

15 step 356. Next, a silent flag is set to indicate a
message has been recorded in the silent mode, step
358. The real time audio channel is extinguished
and the unread message counter is incremented, step
360. The method then determines which message slot

20 to store the digitized voice. '

Referring back to step 354, if the system is

not in the silent mode, then the system is either in
the PTL or the normal mode. The method then
determines if it is in the PTL mode, step 362. If

25 it is in the PTL mode, then the unread message
indicator is activated, a user alert generated, and
the audio real time channel is extinguished, steps
364, 366 and 360. |

Referring back to step 362, if the system is

30 not in the PTL mode, then the system is in the
normal mode, an audio flag is set and a user alert
generated, step 368. The method then determines
which message slot is available for recording by
analyzing the value in the variable ALPHA. If ALPHA

35 equals one, then the message is recorded in the



device is determned by the relative position of a device in the pol I'i ng
sequence. In contrast, vectored interrupts are those in which the event
causes program execution to proceed directly to the 20 appropriate

service routine. In the illustrated enbodi ment, the polling interrupt
systemis described, however, it is to be understood that a vectored
I nterrupt systemwould work just as well. AF8®+ the interrupt systemis 25

enabl ed, the m croprocessor waits in the standby state for an interrupt,
step 196. B. Interrupt Routine Eventually, an interrupt is caused by either
i ncom ng pagi ng i nf 6inati sassage sdotvastepsoB7Phanded@?. swhAschs$ or the

activation of the phgyqdfe, §'# hCBre%&%aglﬁéssayeomstESnessﬂéaeﬂﬁetﬁé the

interrupt, the microproces$or is vectored to an-interrupt routine, step
199, a detailed flohLERLr megsagRi SAots SHSWRTEN1LNESNeS32ge LHnce t he

recei pt -38- of bpeewragteagi Nt ALPHABEEORwWO! hehacheyaagenief the reset

outoh or actiyall oneabebls Bhabnatibehions 2t BTk Shefloz e

The m croprocessor B3é6vecldr ALPHA tilsenbégionei by tvo, then an error has
occurred and the microprocessor is reinitializeqd,
step 378. '

Referring to FIG. 12B, there is shown a

10 continuation of the flow chart of FIG. 12A. After
recording of the message in the appropriate message
slot, the audio flag is checked, step 380. If the
audio flag is set, the real time audio channel is
enabled, step 382. Next, the silent flag is

15 checked, step 384. If the silent flag has been
previocusly set by the selection of the silent mode,
a silent alert such as a vibration alert is
generated, step 386. Please note that the silent
alert occurs after recording the message. 5

20 Therefore, in the silent mode, messages are
received, digitized, and recorded and then the user
is alerted. After alerting the user, the silent
flag is reset, step 388. The method then returns to
the standby state, step 390.

25 Thus, there has been shown an apparatus and
method for transmitting information to a paging
receiver in a plural population of paging receivers.
The transmitted information includes control signals
followed by analog information having at least one

30 analog voice message. The paging receiver of the
present invention receives and decodes the
information to recover the control signals and the
analog information. The control signals provide
receiver control information. The receiver is

35 selectively enabled correlating to the received



the interrupt routine, step 200. The nethod then determnes if the
interrupt was generated by either incomng information, the reset switch or
the play switch. 10 Referring to FIG 9A, if the interrupt is caused
by an incom ng nessage, the nessage nust be recorded, step 202. The net hod
- vectors the mcroprocessor to a record routine which records the nessage
into one of a plurality of enpty nessage 15_ 8§Iots, step 204. If no enpty
nmessage slots exist, the nmessage is recorded Into the nmessage sl ot having
t he ol dest nessage. A conplete disclosure of the record routine is shown
with respect to Fl Gsond261Bink8inRYiBASESTAE LbEMSVEQLARMogNE Paging 20
receiver of the pregent invention is shown with only tw neSsage slots.
However, a pIuraIit§ng?rﬂ§§%8§el§lSP§VE§ﬁeBetBs€69&%P%h1$§°¥m%t§wmject of
copendi ng appl i catibaingt at regliBai 6€i theahh@logf véi s efn ABSHNIESh |
Digital Voice Pagin iyer”, bhavi 25 serial nupber P7/068, 683, filed
even date heremﬁth,gﬁé%%ﬁgxgt?opﬂg§a£988cﬁgtmﬁﬁﬁ5%? PR sEYy the\RAF NG by
Fisch et al., %ei ngraceiyerd tint htespensgnte afusér jmpsenta imyssddgeon.
Referring back to s 202, <bl ol e iLped t he. bagi n
receiver is recordi%gsgygéofk}ﬁségﬁ éﬁéo g? F?gge%ﬁ@f%QP ,ézﬁ%%gbe.lf
the systemis not i#StRecpitefddandspresentedyteocthesuserei tThee the play or

standby state and t8gnthé€ike@tvoice information presented to the user

is a replica of the original analog voice message.

10 It should be apparent from the above
description that numerous variations can be made
from the preferred embodiment described herein
without departing from the scope of the invention.
Reference is therefore made to the claims which

15 follow for a definition of the invention.

What is claimed is:



mas generated either by the play or reset switch, 35

real time audio is enabled, this -39- inplies the user

the nethod 5 enables the interrupts so as to dete
interrupts, step 212. The nethod then retur4®s Refer
if the paging receiver is not recording and the real

extingui shed, this jnplies the systemis in the play 10

step 208.

If the

I's nonitoring the

real tinme audio channel in the standby state and the nethod extinguishes

the real time audio, step 210. After the real time audio is extinguished,

ANURUCHN AR o

ne dudio &hahnel is

state.

Thus, the

met hod det er mi nes Sk@¥2r the user has activated the play switch to play
back a nessage as wll be discussed wth reference to FIG. 9B. Referring
back to step 206, if the sysf egordin the terrupt S
generated by 15  either the oé eEer® Hﬂﬁl ?%a V%satate

The met hod t hen seneeanhequueeswimom Pbunelepnpmbavhamrmﬁ pawEirgg | ent,

PTL, or nor mal ”Udfécéi@é§§|e€ﬁ§d1n§6fﬂa@£§n Ihé QE{Q@ %e Slf

whet her the silent pode.is selected, step 2

et erm nes
ent npde is

sel ected, this inpFteRalfgt f?%@%‘érblﬁaén%%?‘i!vh’@m#él% R extet switch
to enabl e the realléase ondi anaiednebicdhgestidoy said method

comprising the steps of:

(a) receiving and decoding the

information to recover the control signals and the

analog information, the control signals providing

10 receiver control information:

(b) selectively enabling a receiver

correlating to the received control information;

(c) converting the analog information to

digital information, the digital information

15 representative of a replica of the analog voice

message: and

(d) storing the digital information in a

memory of the selected receiver.

2. The method of claim 1 further includes the

20 step of:

providing the analog voice message to an

audio transducer for generating real time audible

voice information simultaneously with receipt of the

analog voice message.

25 3. The method of claim 2 wherein the selected
paging receiver includes a first control switch and

further including the steps of:

(e) sensing the activation of the first

control switch and generating a first electrical

30 signal in response thereof; and



enabl es the real tinme audio channel, enables the interrupts—and returns,

steps 220, 212 and 214. 25 Referring back to <.l he nmet hod
then determnes if the PTL node is selected, step 22 7"”’@@?" ,ﬂm S
selected, this inplies that the user wi shes to hear the ¥ fo
while it is being recorded. Therefore, the nethod enables the 30 ° real
time audi o channel, step 224. The nethod tdwn enables the interrupts, and
returns, steps 212-214. If the systemis not in the silent or PTL nobde,
then the system nust be in the normal node, step 226. In this case, it is

determ ned whether the 35 (£pl inFespshse ito amblfidsty edfeetidimmlan audi o
flag -40- which_ is t by the record routine, t i | Of which is
given with respectsﬁ%’%ﬁtﬁé’@ma@fn&Qe ?ﬂd{lhelet ﬁgﬁrc%al%‘%ﬁosrn%n%%& "o flag is
on, the nethod extwhigle stastimeing o tconvenklithe tnaislyg dmforpedtions t he

audio flag, step 230.qidftdhersfaindd (6, it d | Able Bl aiiegpeal time

audi o channel_is enabled and the audio flag is set, step 232Z. After either
extingui shing or HEPFMALIPR- real tine audio channel, the interrupts are
enabl ed and the system 10 returns, steps 212-214. Referring back to step

208, If the real tine 4. The method of claim 3 wherein the selected

paging receiver includes a second control switch,
said method further including the steps of:

(g) sensing the activation of the second

15 control switch and generating a second electrical
signal in response thereof:;

(h) in response to the second electrical
signal, reconverting the digital information to
analog information;

20 (i) producing audible voice information
from the analog information, the audible voice
information being a synthesized replica of the
original analog voice message.

S. The method of claim 4 further including
25 the steps of:

(3) activating the second control switch
for initiating the playback of a previously stored
voice message; and

(k) repeatedly activating the second

30 control switch for initiating playback of a
subsequently stored voice message wherein the Nth
activation of the switch initiates replay of the Nth
stored voice message.



audi o channel is off and the systemis not recording, themthe interrupt is
a play switch interrupt. The nethod then places the syst W“Wy
state. Referring to FIG 9B, there is showmn a nethod for mm “ﬂm‘e“
systemin the play state. In the play state, a nessage is acks
.starting wth the nost recent nessage. |f-sfjhe next nessage is required, the
play switch nmust be 20 activated during the playing of the present
nmessage. .Referring to FIG 9B, if the synthesized audio is on, this inplies
t hat the next massage i t & kEgiltdped vididehpagyimghdevies audio is off, the
nost recent ness Q% ,ed back. This is acconplished 25 by the play
"A" routine. p’gi "A" routine plays the nost recent nessage
stored in the tvvo rressage gleans forjdesaividy Ppdede infprmatdonabl e. The

play "A" routine trinG4r Eridh & @xtenall SRuRe, tt@leFllﬁfol%tllofn the
synt hesi zed _audiq is 30 on, .the user deslrei tqQ pl a¥e VoI ce
A% JIUGFTYH O B

|nfornatlonsstoré@q%?q%ﬂgliﬁal ayand, S?ﬁfE°Pﬁd|cateS|f
the synthesized aimdileog odcedmeddage;:f STATE is zero, then the synthesized

audio is off. If STATE is th §t csq\ér]%%e%hée%f%%@ q_nlt%r% ti%% The

~method first determnes if equa
' and to receive the analog information, said decoding

means being responsive to said receiving means for
10 determining whether the analog information is
intended for the paging device:
| means for converting the analog
information, said cohverting means being responsive
to said decoding means to convert the analog voice
15 message to a digital voice message;
memory means responsive to said decoding
means, for storing the digital voice message; and
alerting means responsive to said decoding
means for generating an alert to notify the user of
20 the paging device of the receipt of information.

7. The paging device of claim 6 wherein said
alerting means generates an alert after storing the
digital voice message. '

8. The paging device of claim 6 wherein said
25 memory means being operably coupled to said
converting means provides the digital stored voice
message to said converting means, wherein said
converting means reconverts the digital voice
message into audible information representative of
30 the original analog voice message.



zero, step 238. If STATE is zero, the system executes the play "A" routine

which wll play the nost recent nessage after the presen Sized audi o
nmessage termnates. 5 Referring back to step 238, sin ut| ne
play "A" sets the variable STATE equal to one during m‘w mg‘\f

. most recent nmessage is playing. If the playswtch is wdusi ny the

nost recent nessage, the system pl ays back the second 10 nost recent
nmessage, step 242. Since the systemfinds the variable STATE equal to one,

the systemis vectored g0 aqpedpading Udvite of laddd.6 WhRriay saBd

. routine plays the second nost récent, nessa t he be |nn| ng .of the play
"B" routine, the SPRYETting peans,simul e‘ﬁlﬁiﬂ Ré‘%é‘?’rlleng back

to step 242, if tkheigkeainPormatich miervaicﬁdréhﬂnnq; ‘dmaeapiaay:gb&@lic@f t he
second nost recen g stemto extinguish the
synt hesi zed audi Oke%%iﬁil o Z’psr%‘zgziq"%&%&l%éei%@s %et ‘hod then sets the
vari abl e STATE equal to zero so that repeated activation of the play switch

. causes the systemto rg eat ‘ﬁﬁe%rate idd df&1sliat & g)gﬁwgger than the

nunber of message sl ots tWo nmessage S en a 25
ni cr opr ocessor fa@ﬂ@€lﬁ&§9p%%?q}ccﬁﬂ#*éﬂ‘aﬁﬂft% tpIds Punps to the

- power on reset foplagbaicki df aapravidudiie s8arad diedaqr vodilceps 247 and

249.
message.



C. Play A Routine FIG 10A shows a flow chart for the 30 play "A" routine
whi ch plays the nost recent nessage fromone of two nessage slots in the
pagi ng receiver. The method begins by settin g the variable STATE equal to
one to notify the systemthat thej %gqn nmessage i s being

pl ayed, step 250. In addition to e THISSF ‘Eg’ 2y STATE equal to one,

t he synt hesi zed audi o channel is i '251 The met hod t-hen
enables the interrupt to allow 5 e syssemto mﬁSH&mbstBeenlm aed ng
information, step 252. If paging information is rec he play
routine, the play routine is termnated and the pagﬁ! esponds to
the incom ng paging informati on. The nethod then de es | ere 10

are any unread nessages, step 254. |If there are unread nessages t he
systemis vectored to an unread nessage routine. Referring back to step

. 254, if there are no unread nessages, tBABABTRAETethod checks to determ ne

i 15 if there are nessages stored, step 256. A variable ALPHA, dependent

~on the number of ness L S_anal zed f ALP uaI then no
nessages are in the re eP%%?nﬂnﬁe? év§§séﬁﬁ+§8km¥§?e§n astRod a

disclosed in which analog information transmitted

from an external source such as a paging transmitter
are received and decoded. The analog information

5 includes at least one voice message. The voice
message is recovered, digitized, and stored in one
of a plurality of message slots in a memory (50) of
the paging receiver (10). In response to a paging
user’s request, the digitized stored message is

10 recalled from memory (50), reconverted from digital
information to analog information, and used to
produce audible voice information being a replica of
the original analog voice message.

FIG. 1 accompanies this abstract.



"menory enpty” tone to indicate that there are no 20 stored nmessages,
steps 256-258. The systemthen deactivates the synthesized audi o channel
and waits for incomng paging information or for a user input, steps 260
and 262. Referring back to step 256, if there are stored 25 nessages, then
it is determned if the nost recent nessage is in slot one or slot two. |f
ALPHA equal s one, the npbst recent nessage i¢/¥8 the first nessage slot,
step 264. The system begins reading the digitized data in the first nessage
sl ot and 30 providing a replica of the original audio information on the
synt hesi zed audi@—channel—t.o—th pl ayi ng back the

nost recent nesgage, the systen1ext|nQU|she he synt hgsi zed audi o channel

and returns, stegps 260-262. -43- Referri tep 264, if ALPHA is
not equal to one, then A S equﬂJ togi } I f ALPHA equal s
two, the nost r4ce nmesgage is if slotf two d the syqtemreads the
digitized data § om sl ot two {and proviufn nt hegijzed audio to the
user, step 270. |AL pl ayi ng Hck the sy hgsi #zed awglijo fron1nessage sl ot
- two, the system | 3 .hé1Fudﬁ1échah1- rns;nsteps 260- 262.
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Referring back to step 268,
mal f uncti on has occurred in the m croprocessor.
vectored to a force reset,

are unread mes

routine as shown in FIG 10B.

sages,

10 than two, a

Thus, the systemis

step 271. Referring back to step 254, if there
the systemis vectored to an unread 15 nmessage
Referring to FIG |10B, the unread nessage

i f ALPHA is greater

‘counter is decrenmented to signify the playppggback of an unread nessage,

step 272. Next
i ncom ng infor
the location o
recent nessage
digitized voic
of the infornma
After playing

.determned if

ithe answer is

iwhi ch plays ba
i enbodi nent the
. nost recent ne
‘the unread nes

nterrupts are enabl ed 'so the system can respond to

mation} step 20 274. Next, ALPHA is tested to determ ne
t he st recent nessage. |f_ ALPHA equal s one, the nost
the first nmessagefsl and the systemreads the
mation fromthe st cent and plays a 25 replica
t he synt hesi zed<pudijg{channel , steps 276 and 278.
e nessage from f&g filE&t nessage slot, it is
re any other anfeptr S&géﬁ‘fgfaining, step 280. If
en the 30 gy ' ctorefl < ne
ck thelsecond nost negent nessgge—SriNEEia the il] gg
e @refjonly two nessage sl gfs, §d§ba& of5 d
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-44- extinguished, step 291. The play "B" routine is then executed, step
292. Referring back to step 276, if ALPHA is not equal to one, then it is
determned if ALPHA equals 5 two, step 282. |If ALPHA equals two, then
the nost recent nmessage is in the second nessage slot and the system pl ays
back the digital stored voice in the second nmessage slot, step 284. After
‘playi ng back the digital information in g second nessage slot, 10 it is
determned if _there_are any unread nessages, step 280 I f so, then the
second nost rfebfi (gessafie is played, steps 291 and!992. Referring back to
step 282, if ALPHA is not equa3 there are no nessages
to play and the 15 synt hesi Zed _H'@U rﬁe xtingui shed, step 286.
The systemthen returns to thd ghaluN qu_p 290. D. Play B Routine
The play B routine plays back [ghe sgcon npsirecegt message from either
one of the 20 message slots. The play|" B" rout| Ngghs executed. after the
play "A" routine executes. Refer+nag—to—+H-G—1%; tﬂ(e routine is entered and
ithe variable STATE is set equél Et‘JABt&\BEJP\bﬁ'IMEo&\lile fg the systemthat the

rsecond nost recent message is @éﬁﬂogﬁ% R OE

l
!

104

ACTIVATE
PLAY SWITCH TO YES
EXTINGUISH REAL TIME
AUDIO 105
? (

OUTPUT MEMORY
EMPTY TONE ALERT
UNTIL SWITCH RELEASE

ACTIVATE

AND UPON RELEASE
OF RESET SWITCH EXTINGUISH
REAL TIM‘;'Z AUDIO

108

STANDBY
OR QUIET
N
110 - 112 114
INCOMING ACTIVATE PLAY ACTIVATE RESET
MESSAGE SWITCH SWITCH
116 120
RECORD RESET
STATE STATE




25 step 300. The synthesized audio channel is then activated and the
interrupts enabled to all ow the paging receiver to respond immediately to
i ncom ng paging information, steps 302 and 304. It is then determned if

any unread nessages are available, 30 step 306. If there are unread
‘messages avail able, then the unread nessage counter is cleared, since al
unread nessages Wi ll have been read after the play "B" routine replays the
ol dest nessage in a two-nessage sl ot systéﬂgsstep 308. -45- The met hod

then determ neg ' B AL @Gof a variabl e named BETA. BETA det er ni nes whet her
the second nost recent nessage is either patke f{ﬁ§t nmessage slot or the
second nessage slot. If BETA 5 - equal s/zer { here is no second nost
recent nessage and t hepsystemis—vreete :d?g%%?h‘ arretey ate—af ter
deactivating the audi ojchannel, steps 31Q- . Jf BETA is not equal to
zero, then BETA is tesfted for the value ohe et ep 316. |If BETA epgual s one,
10 the second nost recent nepd¥8ge is in the first md@@age slotyand the

system pl ays black the second nEFt r$cent message co’tained in the first

“message sl ot by synt §genging t di gi t alPUSH-€T®- nf offrmatijon th t he
CODEC and replj cati ng4aDE voi ce LISTEN MODE MODE
148 1347 124
1 7 1 Y 1
INCREMEAB:‘JTDUNREAD INCREMTNTDUNREAD INCREMENT
MESSAGE COUNTERS MESSAGE COUNTERS MESSAGE COUNTER
150 1367 126
1 e 1 \ 1
ACTIVATE ACTIVATE
UNREAD MESSAGE UNREAD MESSAGE ALERT USER
INDICATOR INDICATOR
1387
/152 ) 1283_

NO AUDIBLE OUTPUT AND
ALERT RECORD ALERT USER RECORD AUDIO
FOR X SECONDS FOR X SECONDS

154 1407 | 130~ |
EXTINGUISH REAL
ALERT AFTER RECORD FOR AE%\E,A%%DG'OANBE
MESSAGE STORAGE X SECONDS DEACTIVATING
PLAY/RESET SWITCH
1427 | 132N
ACTIVATE ACTIVATING
PLAY/RESET SWITCH PLAY/REST SWITCHES
TO ‘ENABLE REAL AGAIN ENABLES
TIME AUDIO REAL TIME AUDIO
1447
108
STANDBY

STATE



15 information on the synthesized audi o channel, step 318. After the

synt hesi zed voice information is played back, the system deactivates the
synthesi zed audi o channel and returns, steps 312-314. Referring back to
step 316, BETA is checked for 20 the value twd, step 320. |If BETA equals
two, then the second nost recent nessage is in the second nessage slot and
'the system plays back the digitized voice information in the second nessage
sl ot through the CODEC to the synthesiz&¢,§udio channel , step 25 322.
After the voice information is played back, the systemreturns to the
standby state, step 314. E. Record Routine FIGS. 12A-B show a detailed fl ow

chart for the record routjne pfgthe present inverjd h ecord routine
records the digitizedsaudi 030 si gnal fron1thejggggg;?n e appropriate

nmessage slot and tagg Bssage as the nost recent nessage. -46- The
routine begins by updaSiN the nmessage pointers, ALPHA and BETA, step 350.
iIn a two-sl ot nessage st g since ALPHA points to the nost recent

| message, the nessage beifig recorded will 5 repl ace the second nost

recent nessage pointed tp by 164
160 (

ALERT USER THAT
THERE ARE NO MESSAGES

.- y . /
PLAY MOST
RECENT MESSAGE
170
f1sa (
RESET YES - EXTINGUISH

SYNTHESIZED AUDIO
AND MONITOR CHANNEL

SWITCH AETNATED

172

PLAY SWITCH
ACTIVATED DURING
PLAYBACK OF
MESSAGE

NO

178 ' 108

STANDBY
STATE

ALERT USER NO
MESSAGES LEFT

PLAY NEXT MOST
RECENT MESSAGE




BETA. Therefore, the pointers ALPHA and BETA are swapped so that they point
to the nost recent nessage and second nost recent nessage respectively.

Af t<er the val ues for ALPHA and BETA are swapped, the 10 nmet hod det er m nes
the node of the system step 352. The nmethod then determines if it is in
the silent node, step 354. If the systemis in the silent node, the unread
nmessage indicator is activated to notify the user that a nessage has been
recorded, 15 step 356. Next, a silent f8/4# is set to indicate a nessage
has been recorded in the silent node, step 358. The real tinme audi o channel
i s extinguished and the unread nessage counter is increnmented, step 360.
The net hod then determ nes which nessage slot 20 to store the digitized
voi ce. Referring back to step 354, if the systemis not in the sil ent node,

t hen the systQﬁ]is either in the PTL or the 5 oq t hen
determnes if gt is in the PTL node, step 362. |f 25
nmode, then the2dunread nessage indicator islactivated,
generated, andgt he auqh1r11ﬂﬂ-ﬂylﬁgﬂﬂﬂz1ne '
and 360. Refergi ag¢k to steg 3 t
nmode, then thegsystpm|iz idst hg noFEl § no
user alert germgrdtzed, ézgpl é%. Tr?§§p ho
slotisavaila‘gl I pr e iEl by WO
m o (@)
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anal yzing the value in the variable ALPHA. If ALPHA 35 equal s one, then
the nessage is recorded in the -47- first nessage slot, steps 370 and
372. As is evident, if a previous nessage is contained in the first nessage
slot, the previous nessage is overwitten. If ALPHA is two, the nessage is
5 recorded in the second message slot, steps 374 and 376. If ALPHA is
not one or two, then an error has occurred and the m croprocessor is
reinitialized, step 378. Re% ring to FIG 2¥28, there is shown a 10
continuation of the flow ¢ of FIG 12A. After recordin ot@the nmessage
in the appropria lot, the audio flag is checkefq 38

the audio flag i@gﬁ he./eal tinme MNTRRRUPEMIGUTINR €Nabl ed, stép'93 :
Next, the silent flag fis 15 checked, step 384. |If the silent flag has
been previously set by theo,ggl ection of the silent , a silent alert
such as a vibrations I'S generated, step 386. I?iease note that the

silent alert oc gCofesli ng t Therefore t he
silent node, ne ; éd%ﬂo Qe B t he
user is alerted. A ' L&L Lhe p%t
208 210
IS ¢
REAL TIME EXTINGUISH
AUDIO ON REAL TIME
AUDIO CHANNEL

SENSE THE
MODE SWITCH
220
ENABLE REAL TIME
AUDIO CHANNEL
224
ENABLE REAL TIME
AUDIO CHANNEL
230 212
o 228 [ . (
EXTINGUISH
Rbio e AUDI® Che e INTERERUE
? RESET AUDIO FLAG RRUPTS
232 214
= Emg% REAL TIME | A
CHANNEL
SET AUDIO FLAG (LREURN_ )




flag is reset, step 388. The nethod then returns to the standby state, step
390. 25 Thus, there has been shown an apparatus and nethod for
transmtting information to a paging receiver in a plural popul ation of
pagi ng receivers. The transmtted information includes control signals

foll owed by anal og information having at |east one 30 anal og voice
~nessage. The paging receiver of the presgpiginvention receives and decodes
the information to recover the control signals and the anal og i nformation.
The control signals provide receiver control infornmatizm. ggp r Fyer is
35 sel ectively enabled correlating to the received-lpwjz < t&ﬁ¥§5¥
information. The received analog information is converted to digital
~information being a replica of the anal og voice information and stored in a
plurality of nmessage slets in the paging 5 receiver. 1In response to a
user input, a nessage ) is selected and the stored digital information
is recalled and presekt€d/to the useFNquggggggﬁggﬂygd voi ce information
presented to the user I'$ a replica of th i'dinal anal og voi ce nessage. 10

It should be apparent ffomthe above description that numerous variations
can be made _ 240

238 e
EXECUTE
PLAY A ROUTINE
242 43
EXECUTE | _
PLAY B ROUTINE
2486 _ [.248
244
| SHUNESIZED SET
AUDIO CHANNEL STATE = 0
IF STATE DOES (" RETURN )
NOT EQUAL
0,1,0R 2 THEN
MICROPROCESSOR
ERROR

248

RETURN TO
POWER ON RESET



fromthe preferred enbodi nent described herein w thout departing fromthe
scope of the invention. Reference is therefore made to the clains which 15
fold ow for a definition of the invention. What is clainmed is: -49-
Clains 1. A nmethod for transmtting information to a paging receiver in a
pl ural popul ati on of paging receivers, the information including control
signals, followed by anal og informati on having at 5 | east one anal og
voi ce nessage, said nmethod conprising the steps of: (a) receiving and
decoding the information to recover the ﬁ@p} ol signals and the anal og

I nformation, the control signals providi recei r ol
information; (b) selective enabling a receiver corrEf@to’tf@A
"recei ved control (c) converti n% the anal og information to

digital information, tpe olgitggginforﬂﬂ#gb RQUTINBr esentative of a

replica of the analog ¥oice n® ge; and (d) storing the digital
information in g meppraueE thg sel ected receiver.
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2. The nethod of claim11 further includes the 20 step of: providing the
anal og voi ce nessage to an audi o transducer for generating real tine
audi bl e voice information sinmultaneously with receipt of the anal og voice

. message. 25 3. The nethod of claim2 wherein the sel ected pagi ng

. receiver includes a first control switch and further including the steps
of: (e) sensing the activation of the first control switch and generating a

first eltectrical 30 signal in response gdghgigeof; and -50- (f) in
response to the first electrical signal, terninatin%ﬁﬂjnggpigyegyﬂ

I nformation while continuing to convert the analog i ion” t dZértal
I nformation and to store the digital 5 I nformation. 4. The nethod of

claim 3 wherein the sel ee

ed pagi ng receipiiy ANROUTESE a second contr ol
switch, said nethod fur j ncl udi ng t TENBEREAPMBSSAGES sensing the

activation of the second 15#control switch and generating a second
el ectrical signal in respgnse thereof; (h) in response to the second
el ectri cal 272
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o

signal, reconverting the digital information to anal og information; 20
(i) . producing audi ble voice information fromthe analog information, the
audi’bl e voice information being a synthesized replica of the original
anal og voi ce nessage. 5. The method of claim4 further including 25 t he
steps of: (j) activating the second control switch for initiating the

pl ayback of a previously stored voi ce nessage; and (k) repeatedly
activating the second 30 control switch fef/pgitiating playback of a

subsequent |y stored voice nmessage wherein tthe Nth activ%ETE?Fq§EatUé i t ch
- b. i git

initiates repl ay QZ:Egﬁgﬁtzzitored vVoi ce nessage. -5 I zed
voi ce pagi ng devi slf1g: nMeans f eakegepyipgngoded information
transmtted from an extlernal sosdgge, the information 5 i ncl udi ng anal og
. nformati on havipfg—at—Heast—o anal og voi ce nessage; neans for decodi ng

: 13 aul
't he coded infornati dNTBhEEt 0 rlecei ve the anal og i nformati on, said decodi ng
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means bei ng responsive to said receiving neans for 10 det erm ni ng whet her
the analog information is intended for the pagi ng device; neans for
converting the analog information, said converting neans being responsive
to said decoding neans to convert the anal og voice 15 nessage to a
digital voice nessage; nenory neans responsive to said decoding nmeans, for
storing the digital voice nessage; and alerting neans responsive to said
decodi ng neans f ing an alert ¥8/m8tify the e f 20 t he
pagi ng device of_t hBES®cei gt of information. 7. The ﬂﬁéﬁﬁ evﬂ&aéﬁprlaim
6 wherein said alertipg neans generate r storing the digita
voi ce nessage. 8. The| pagi ng peﬁbce of %ﬁgrﬂé Ziév%glfru;x?n said 25 menory
neans bei ng pperabty—coupted4yg said converting neans provides the digital
stored voice 5% cgnverting neans, wherein said converting
means reconvje 3 v@i ce nessage into audi ble information
representatiye_Qf 3 e original anal og voi ce nessage. -52- 9. The
pagi ng device of clai mhereﬂjg sai d converting nmeans simultaneously
generates audi bl e 7 2
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voi ce i nformation when converting the anal og voi ce nessage to the digital
voi ce nessage. 5 10. The paging device of claim®6 further
corprising a control switch for initiating a playback of a previously
stored digital voice nmessage.
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DIGITIZED STORED VOICE PAGING RECEIVER

ABSTRACT

A paging receiver device (10) and method are
disclosed in which analog information transmitted
from an external source such as a paging transmitter
are received and decoded. The anaiog information
includes at least one voice message. The voice
message is recovered, digitized, and stored in one
of a plurality of message slots in a memory (50) of
the paging receiver (10). In response to a paging
user’s request, the digitized stored message is
recalled from memory (50), reconverted from digital
information to analog information, and used to
produce audible voice information being a replica of
the original analog voice message.

FIG. 1 accompanies this abstract.



