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Code Standar di zation Advi sor PEBEGTSVEPEEBRENG REFEANER1980. As sho copu
FIG 1A, a POCSAG signal conprises a preanble signal PA conposed d%g 6" 4
bits of alternate "1" and "0", and a plurality of batch signals

IB, a check bit CB; and a parity bit PB.

BACKGROUND OF THE INVENTION

The present invention relates to a selective
calling receiver of the battery saving type.

Various selective calling receivers of the
battery saving type have heretofore been proposed in the
art. There have also been proposed a variety of formets
for selective calling signals used to call selective
calling receivers. However, these proposed formats are
basically of the same structure. A format for selective
calling signals will be described bélow with reference to

FIGS. 1A, 1B, and 1C which show a POCSAG signal described

in STANDARD MESSAGE FORMATS FOR DIGITAL RADIO PAGING,

‘Post Office.Code Standardization Advisory Group (POCS2aG),

Autumn, 1980. As shown in FIG. 1A, a POCSAG signal
comprises a preamble signal PA composed of 576 bits of
alternate "1" and "0", and a plurality of batch Signals
B. .As shown in FIG. 1B, each of.the batch signals B
comprises a sfnchronizing signal Sé for synchronizing
code words, and 16 code words CWl - CW16. As shown in
FIG. 1C, the code word CWl comprises an information bit
The information
bit IB of the code word CWl represents a selective call-

ing code that is a BCH code converted from a selective

calling number when MSB = 0, and represents a message



B. As shown in FIG 1B, each of the batch-signals B conprises a
synchroni zi ng signal SC for synchroni zi ng code words, and 16 code words CWM
- CM6. As shown in FIG 1C, the code word CM conpri'ses an information bit
I B, a check bit CB, and a parity bit PB. The information bit 1B of the code
word CML represents a selective call- ing code that is a BCH code converted
froma selective calling nunber when MSB = 0, and.represents a nessage

-2- code that is a BCH code converted froma gE§sage when MSB = 1. The
remai ni ng code words CW\2 -.CW6 are al so of the sane arrdngenent. A call is
recogni zed by the selective calling receiver as follows: As shown in FIG

1B, the 16 code _
code that is a BCH code converted from a message when MSB

=.l. The remaining code words CW2 - CW16 are also of the
same arrangement.
A call is recognized by the selective calling

receiver as follows: As shown in FIG. 1B, the 16 code

- words CWl - CWle are divided:info 8 groups Gl.; G8 each
composed of two code words. The selective calling re-
ceivers of respective users are registered such that each
selective calling receiver belongs to any one of the
groups Gl - G8. If a selective calling reéeiver belongs
to the group G2, for example, the selective calling
receiver recognizes a call by determining whether a
selective calling code indicative of a selective calling
number assigned to the selective calling receiver is
contained in the information bits IB of the code words
CW3, CW4 of the group G2. For a selective célling re-
ceiver which receives the POCSAG signal to recognize a
call, it is necessary to feceive only two code words CW3,
CW4 of the group G2 to which_it belongs,'and hence the
electric current consumed theieby is reduced by this
battery saving action. More specifically, the selective
calling receiver turns on its receiver circuit only when
the code words CW3, CW4 of the group G2 to which it
belongs are transmitted, and keeps the receiver circuit

turned off otherwise.



words CWM - CWM6 are divided into 8 groups GL - G8 each conposed of two
code words. The selective calling re- ceivers of respective users are

regi stered such that each selective calling -receiver belongs to any one of
the groups Gl - GB. If a selective calling receiver belongs to the group
&, for exanple, the selective calling receiver recognizes a call by
determ ni:ng whether a selective calling code indicative of a selective

cal ling nunber assigned to the selectiwve3calling receiver is contained in
the information bits 1B of the code words CW8, CWM of the group G. For a
sel ective calling re- ceiver which receives the POCSAG signal to recognize
acall, it is necessaryThg Bedeckdvenraliisac Fesaivan BBiveM of t he

group & to which it'belgng , and hence the el ectric current consuned
thereby is ref&E&FIHY3ChitS i&??éryw £0 AgMeSERGR INbitEadsauittedyl (§e t he

sel ective calh%n%o&%C%%¥ 5 EH&”E EQl%tgrEe%%%V Eéﬁdézifhégﬂdédﬂﬁﬁi'and
‘the information bits IB of all the code words CW1l - CW16
represent message codes. Therefore, when the selective
calling receiver receives a selective calling code indic-
ative of a selective calling number assigned to the
selective calling receiver, the selective calling receiv-
er interrupts the battery saving action,.and begins
operating in a2 mode for continuously receiving the trans-
mitted signal. |

Recently, more and more selective calling

receivers employ mi¢ropfocessors for a wider wvariety of
available functions. In such a selective calling re-
ceiver, when the microprocessor processes a message while
it is receiving a message, the sensitivity with which the
selective calling receiver receives transmitted signals
may be lowered due to the operation noise of the micro-
processor. Therefore, while the selective calling re-~
ceiver is receiving a message, the microprocessor is de-
energized and a message code produced from the received
POCSAG signal is temporarily stored in a buffer memory,
or while the microprocessor is operating with a low-
frequency clock signal, a message code produced from the
received POCSAG signal is temporarily stored in a buffer

memory, after which the message is processed by the



the code words CW8, CW of the group G to which it .belongs are
transmtted, and keeps the receiver circuit turned off otherw se. 3 The
sel ecti've calling receiver receives a nessage as follows: when a nessage is
transmtted, the 16 code words CWM - CW6 are not divided into groups, and
~the information bits IB of all the code words CWM:. - CWM6 represent nessage
codes. Therefore, when the selective calling receiver receives a selective
calling code indic- ative of a selectiwvé calling nunber assigned to the
sel ective calling recei ver, the selective calling receirv- er interrupts the
battery saving action, and begins operating in a node for continuously
receiving the trans- :
MLCroprocessor.
According to the format of the POCSAG signal
shown in FIGS. 1A through 1C, the message may be of any
length. Therefore, when a 1ong message is received, the
selective calling receiver needs a buffer memory having a
'lerge storage capacity. However, an increase in the
storage capaciﬁy'of the buffer memory poses a serious
problem because miniaturization is one of the important
goals which the selective calling receivers are to at-

tain.

SUMMARY OF THE INVENTION
An object of the present invention is to pro-
vide a selective calling receiver capable of receiving
long messages without using a ﬁemory of large storage
capacity. |
Other objects of the present invention wili

become obvious from the following description.

According to the present invention, a selective
calling receivef receives a selective calling signal
composed of a plurality of batch signals eacﬁ having a
synchronizing signal and a selective calling code or 2
message code following the synchronizing signal. The
selective calling ;eceiver cemprises timing signal

generating means for extracting the syﬁchroniiing signal
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m:tted signal. Recently, nore and nore selective calling receivers enpl oy

m croprocessors for a wider variety of available functions. In such a
selective calling re- ceiver, when the m croprocessor processes a nessage
while it is receiving a nmessage, the sensitivity with which the selective
calling receiver receives transnitted signals may be | owered due to the i
operation noise of -the mcro- processor. Therefore, while the selective -
calling re- ceiver .is receiving a messd&ges the mcroprocessor is de-

energi zed and a neésage'code produced fromthe recei ved POCSAG signal is
tenporarily stored in a buffer nenDry, or while the n1croprocessor S

oper ati ng wifEema thewseleahisr Fad ldalg signal aé'*q'm%%“a&f@ BHrioied from
t he recei ved POCSAG signal is tenporarlly stor%1 in a buffer anDry, after
whi ch the mEdSAGd i BCHESRE B WiHd the synchronizing signal,

message code extracting means for extracting the message
code from the selective calling signal, a buffer memory
for storing the message code extracted.by the message
code extracting méans, and a micropiocessor operable with
a first clock signal and a second clocklsignal having a
frequency higher than the frequency of the first clock
signal. The microprocessor stores the message code into
the buffer memory with the first clock signal if the
message code is inputted from the message code extracting
means when the timing signal is not inputﬁe@ from the
timing signai generating means, and reads the message
code from the buffer memory and processes the message
code with the second clock signal when the timing signal

is inputted from the timing signal generating means.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of-the present
invention will become apparent from the following
de#cription when taken in conjunction with the
accompanying drawings in which:

FIG. 1A is a diégram showing the format of a
POCSAG signal;

FIG. 1B is a diagram showing each of the batch

signals of the POCSAG signal shown in FIG. 1Aa;
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m eroprocessor. According to the format of the POCSAG signal shown in FIGS.
1A through the nmessage may be of any length. Therefore, when a | ong nessage
is received, 'the selective .calling receiver needs a buffer nenory having a
| at ge storage capacity. However, an increase in the storage capacity of the
buffer nmenory poses a serious problem because mniaturization is one of the
I nportant goals which the selective calling receivers are to attain.
SUMVARY OF THE INVENTION It is an object. of fhe present invention to
‘amel i orate one or nore di sadvantages of the prior art. According to one
aspect of the present invention there is provided a selective calling
receiver for receiving a selective ¢alling signal on oseggof a gluralit

of batch signals each havinﬁlﬁ's}ﬁcﬁﬁoﬁi§+ﬁ§r ?gﬁggwé_ﬁ Lheefreet 9&?08¢I¥ng
imng s gnal gonBFati FOCReaNELTBE ERer BEFTnaosarate, RERFBAFS ECe: bHA
fromsaid selective callingegsgngl ; angd Ge0EL 3} AGrBm of a selective
calling receiver accbrding to ﬁhe present invention;
FIG. 3 is a block diagram of a decoder in the
éelective calling receiver shown in FIG. 2;
| FIG. 4 is a timing char£ illustrative of the
manner in which the seléctive calling feceiver shown in
FIG. 2 operates; and
FIG. 5 is a flowchart of an operation seguence
of a CPU in the selective calling receiver shown in FIG.

2 for receiving a message.

DETAILED DESCRIPTION QF THE PREFERRED EMBODIMENT

As shown in FIG. 2, a selective calling receiver
according to the present invention comprises an antenna
l, a radio signal demodulator 2, a decoder 3 having a
reference clock oscillaﬁor 13, a CPU 4 comprising a one-
chip microcomputer and having a CﬁU operating clock
oécillator 14, an LCD 5 connecteﬁ to tﬁe CPU 4, an ID-ROM
6 connected to the CPU 4, a RAM 7 connected-fo the CPU ¢,
a function switch set 8 connected to the CPU 4, a driver
9 connected to the CPU 4, a loudspeaker 10 connected to

the driver 9, an LED 11 connected to the driver 9, and a

vibrator 12 connected to the driver 9.



timng signal in synchronismwth said synchronizing signal; nessage code
extracting neans for extracting said nessage code fromsaid sel ective
calld ng signal; a buffer nenory for storing said nessage code extracted by
sai d nessage code extracting nmeans; and a m croprocessor operable with a
first clock signal and a second clock signal having a frequency higher than
the frequency of said first .clock signal; said mcroprocessor conprising
means for storing said nessage code into said buffer nmenory with said first
clock signal if said nessage code is impdtted from sai d nessage code
extracting neans when said timng signal is not inputted fromsaid timnmng
signal generating neans, and for .reading_sai nggsagg cgde fromsaid buffer
e a

menory and processing sgﬁgs T : \ﬁﬁl? §°CEEGnd CPBERSFGnE™ when
2ai 4 m or opr opBTE 2T Aol Kk, S Rl by T8, FA%eARRE 1P TP o1

said m croproCessor. in

fgg{ﬁd:ﬁ prov&QEﬁl&a&%Qiﬂ% 3¢ b%%bc%%ﬁ,rﬁcﬁk%iQQgéhEBhEEQQgSEQQ%hit

g a synchroni zation code signal "and a
301, a Baud rate monitoring circuit 306, a synchro-
nization control circuit 302, a detecting circuit 303, a
BCH error correcting circuit 304, a selective calling
code detecting circuit 305, a'tihing coﬁﬁrol circuit 310,
an interrupt control circuit 308, and a CPU interface
circuit 307.

Operation of the selective calling receiver
shown in FIG. 2 will be described below.

A modulated signal a of a POCSAG signal
transmitted from a transmitting station is received by
the antenna 1. The received modulated signal a is
demodulated into demodulated data ¢ by the radio signal
demodulator 2. The demodulated data ¢ is applied to the
bit synchronizing circuit 301 of the decoder 3. The bit
synchronizing circuit 301 generates a reproduced clock
signal m when a preamble signal PA contained in the
demodulated data c¢ and a reference clock signal g sent
from the oscillation circuit 309 are locked in phase.

The demodulated data c is also applied to the detecting
circuit 303. The detecting circuit 303 samples the
preamble signal PA contained in the demodulated data c
with the reproduced clock signal m from the bit synchro-

nizing circuit 301. When the detecting circuit 303



nmessage code signal, said paging receiver conprising: decoder neans for
decodi ng said calling signal and for detecting said synchronization code
signal ‘to prioduce a decoded nessage signal and .a timng signal according to
sai d synchroni zati on code signal; nenory nmeans coupled to said decoder
means for storing said decoded nessage signal; «clock neans for generating a
clock signal :in response.to said timng signal;- and nessage process neans
coupled to said nenory neans and respondi ve to said cl ock signal for
processing said stored neéssage signal in said nmenory neans. According to
still another aspect of the present invention there is provided a paging
recei ver for

o RS o S B PR S
roere o SeERdBnaAlucal hiRSLontho2RdcLOE el 690100530 pucoues

timng signal 8¢eatdingeleesaldaaxichr oni Zbi 8endens,diabn EBKRLYITEANS

coupl ed to sai eco means storing sai eco ‘message si gnal

swi'tch nmeans.{pr,$w 86hi NIrReChaRKaR1 gRBY hAtECEP9ESa1Ee Sapbplikd 78
signal; and nessage process neans coupled to said nenory neans and

responsive tehéaisauaw'rheaeﬁloﬁkeekiﬁ%gEaﬂkcﬁgﬁ poecesshagpaaddrater ed message

signal in said nenory nmeans. BRI EF DESCRI PTI ON OF THE DRAW NGS
monitoring circuit 306 compares the Baud rate of the
demodulated data ¢ and the Baud rate of the POCSAG signal
to be received. If the compared Baud rates are the same,
the Baud rate'monitbring circuit 306 outputs a detected
Baud rate signal k to the synchronization control circuit
3027 When the first detected signal i or the detected
Baud rate signal k is supplied to the synchronization
“control circuit 302, the synchronization control circuit
302 keeps a battery saving signal b high in level in
order to start detecting a synchronizing signal SC that
is transmitted following the preamble signal PA. As a
conseqﬁencg, the radio signal demodulator 2 continues to
receive transmitted signals.

When the synchronizing signal SC tréhsmitted
following the preamble signal PA is detected from the
demodulated data c by the detecting circuit 303,'the'
detecting circuit 303 outputs a second detected signal j
to the synchronization control circuit 302. In response

to the second detected signal j, the synchronization

control circuit 302 makes the battery saving signal b low



—

The features and advantages of the present invention will beconme apparent
fromthe follow ng description when taken in.conjunction with the
acconpanyi ng drawings in which: FIG 1A is a diagramshow ng the format of
a-POCSAG signal; FIG. 1B is a diagram show ng each of the batch signals of
t he POCSAG signal shown in FIG 1A -6- FIG 1C is a diagramshow ng the
contents:of each code word of the batc@ S|gnals shown in FIG 1B, FIG 2 is
a bl ock diagramof a selective calling-réceiver according to the present
invention; FIG 3 is a block diagramof a decoder in the selective calling

receiver Shg_\p{n Uil B ZrdElCec? deticidila B Ereh didad 1 s "Alda  the

only in timed relation to the group G2 to which the
seiectivé calling receiQer belongs. As a resﬁlt, the
radio:signal demodulator 2 performs a battery saving
action.

The demodulated data c -and the battery saving
signal b are also applied to the selective calling code
detecting circuit 305. The.selective calling code
detecting circuit 305 compares a selective calling code
contained in the demodulated data ¢ with its own

. selective calling numbers. At this time, the selective
calling receiver usually has a plurality of selective
calling numbers as its own selective calling numbers, and
these selective calling numbers are stored in the ID-ROM
6. The selective calling numbers are read from the ID-
ROM 6 by the CPU 4, and then sent to the selective

.calling code detecting circuit 305 when the CPU 4 is
turned on. If any one of tﬁe selective calling numbers
transmitted from the CPU 4 is not the same as the
selective calling code in the selective calling code
detecting circuit 305 the battery saving s;gnal b is
rendered low again as shown in FIG. 4(B). As a result,
the radio signal demodulator 2 continuously performs the
battery saving action. If any one of the selective
calling numbers transmitted from the CPU 4 agrees with

the selective calling code in the selective calling code



maAner in which the selective calling receiver shown in FIG 2 operates;
and FIG 5 is a flowchart of an operation sequence of a CPU in the

sel ective cal'liing receiver shown in FIG 2 for receiving a message.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT As shown in FIG 2, a

sel ective cal l'ing receiver according to the present invention conprises an
antenna 1, a r-adio signal denodul ator 2, a decoder 3 having a ref-erence
clock oscillator 13, a CPU 4 conprisingga_one- chip m croconputer and
havi ng a CPU operating clock oscillator 14, an LCD 5 connected to the CPU
4, an I D-ROM 6 connected to the CPU 4, a RAM 7 connected to the CPU 4, a
function switch set 8 connected to the CPU 4, a driver 9 connected to-the

CPU 4, a | dislspenkry ¢Orecoinedd®d tivetbetteryesadingnsighallbcasnkeped to
the driver 9, and a vibrator 12 connected to the driver 9.

high as shown in FIG. 4(C). As a result, the radio
signal demodulator 2 continuously receives transmitted
signals. At this time, a détected agreement signal o is
outputted from the selective calling code detecting
circuit 305 to the CPU interface circuit 307 and also to
the CPU 4 through an address bus e and a data bus £, the
CPU 4 having been monitoring whether a detected agreement
signal o is inputted or not in a step S1 (FIG. 5). When
the detected agreement signal o is applied to the CPU ¢,
the selective calling ﬁumber which agreed with the
selective calling code is stored in a RAM in the CPU 4 of
the external RAM 7 in a step S2 (FIG. 5).

The detected agreement.signal o is also sup-
.plied from the selective calling code detecting circuit
305 . to the synchronization control circuit 302. The
synchronization control circuit 302 keeps the battery
saving signal b high, as shown in FIG. 4(C), so as to
start receiving a message contained in the demodulated
data ¢. As a conseguence, the radio signal demodulator 2
continuously reéei#es transmitted signals. A message
reception starting signal 1 is outputted from the syn-
chronization control circuit 302 to the BCH error cor-

recting circuit 304, to which the demodulated data c is

. also inputted. When a BCH error correcting circuit 304



-7- As shown in FIG 3, the decoder 3 conprises an oscillation circuit 309
to which the reference clock oscillator 13 is connected, a bit

synchronizing circuit 301, a Baud rate nonitoring circuit 306, a synchro-
ni-zation control circuit 302, a detecting circuit 303, a BCH error

correcting circuit 304, a selective calling code detecting circuit 305, a
timng control circuit 310, an interrup t control circuit 308, and a CPU g
interface circuit 307. Operation of the QEIectlve calling receiver shown in
FIG 2 will be described bel ow. A nodul ated signal a of a-POCSAG signa

transm tted filsomupdiriais Wittt RGeS RSsAYd TR Bhrting signal 1,
the BCH error correcting circuit 304 effects an error |
'correcting operation on infqrmation'bits IB using check
bits CB and parityhbits PB contained in the #espective
code words CWl - CW16 of the demodulated data c. After
the error correcting operation, the information bits IB
ere supplied as message data p for the respective'code
werds CWl - CW6 to the CPﬁ interface circuit 307. The
message data p supplied to the CPU interface circuit 307
is outputted through the address bus e and the data bus f
to the CPU 4. |

The CPU 4 determines whether the message data p
represents a selective calling code or a message code in
a2 step S3 (FIG. 5), based on the value of the MSB of the
message data p. If the message data p represents a -
message code, then the message data p is stored in the
RAM in the CPU 4 or a buffer memory area in the external
RAM 7 in a -step S4 (FIG. 5). The message data p is
stored by the CPU 4 using the reference cleck signal g
from the decoder 3 as an operation clock signal.

The synchronization control circuit.302 has a
word counter (not shown) that is reset by the second
detected signal j and operates such that the count g of
the word counter corresponds to the sequence of the code
words CWl - CW16 of the demodulated data c, as shown in

FIG. 4(F). Therefore, the.timing control circuit 310 of



the antenna 1. The received nodul ated signal a.is denodulated into

denodul ated data c by the radi o signal denodul ator 2. The denodul ated data
c is applied®o the bit synchronizing circuit 301 of the decoder 3. The bit
synchroni zing circuit 301 generates a reproduced .cl ock signal mwhen a
preanbl e signal PA contained in the dempdul ated data c and a reference
clock signal g sent fromthe oscillation cLrggil 309 are l'ocked in phase.
The denodul ated data c is also applied to the detecting circuit 303.: The
detecting circuit 303 sanples the preanble signal PA contained in the
denodul ated data ¢ with the reproduced clock signal mfromthe bit synchro-
ni zing circuit 30theVWleootlbe Betent geflecateuat tBfdng ngnal r which goes

high when the count g is "0" by decoding the count a, as
shown in FIG. 4(G). At this time, there is one- to—one
correspondence between the periods in which the timing
signal r is high in level and the positions of the syn-
chronizing signals SC of the POCSAG signal. The timing
signal r is applied to the CPU interface'circuit 307, and
then outputted to the CPU 4 through the address bus e and
the data bus £.

The CPU 4 determines the positions of the
synchronizing signals SC of the POCSAG signal based on
the timing signal r transmitted from the decoder 3 in a
step S5 (FIG. 5). At the positions of the synchronizing
signals SC, the CPU 4 switches from the reference clock
signal g to a CPU'ééerating’clock signal generated by the
CPU operating clock generator 14 in a step S6 (FIG. 5).
Thereafter, the message data p stored in the RAM in the
CPU 4 or the buffer memory area of the external RAM 7 is
read and converted into character data by the CPU 4, and
the character data is then stored in the RAM in the CPU 4
or a message memory area of the external RAM 7 in a step
S7 (FIG. 5). The frequency of the CPU operating clock
signal is set to a value high enough for the conversion
from the message code into the character data in the CPU

4 to be completed within the periods of the synchronizing



det écts the preanble signal PA of the POCSAG signal fromthe denodul at ed
data c, the detecting circuit 303 outputs a first detected signal i to the
synchroni zation control circuit 302.. The denodul ated data c is al so
supplied to the Baud rate nonitoring circuit 306. The Baud rate nonitoring
circuit 306 conpares the Baud rate of the denodul ated data ¢ and the Baud
rate of the POCSAG signal to be received. If-the conpared Baud rates are
the sane, the Baud rate nonitoring circuit 3306 out puts a detected Baud rate
signal k to the synchronization control circuit 302. Wen the first

detected signal i or the detected Baud rate signal k is supplied to the
synchroni zat i onS&gReds S6 ofuith 3 FOCSAR sdgnad averathes égﬁ‘t e & qnde

302 keeps a battery savi.ng sj | b high in level in ord to start

detecting a synBRFDI Evlg s Uid CSRtAi mMes e Sadit AOEEGHaTE 1t FYen

preanbl e signal [PA, 43360000 e iSRS YR LRI A
signals B as shown.in FIG. 4(A), since the message code
can be converted into chéracte; data Qith respect to each
of the batch signals B, the RAM in tﬁe CPU 4 or the
buffer memory area of the external RAM 7 will be of
sufficient storége capacity to store a maximum number of
bits of the messaée code contained in one batch signal B.
Upon completion of the conversion into character data,
the CPU 4 switches from the CPU operating clock signal to
the reference clock signal g. The message data p ex-
tracted from the next transmitted batch signal B is then
similarly converted into character data.

when the transmission of message codes is

finished, the CPU 4 switches from the reference clock
signal g to the CPU operating clock signal in a step S8
(FIG. 5). The message data p stored in the RAM in the
CPU 4 or the buffer memory area of the external RAM 7 is
read and converted into character data by the CPU 4, and
the character.data is then stored in the RAM in the CPU 4
or the message memory area of the external RAM 7 in a
step S8 (FIG.'S). Thereafter, the process of processing
the message with the CPU 4 is ended in a step 9 (FIG. 5).

When the process of processing the message comes to an

end, a signal indicating the reception of the message is



receive transmtted signals. Wen the synchronizing signal SC transmtted
following the preanble signal PAis detected fromthe denodul ated data ¢ by
t he det'ecting circuit 303, ‘the detecting circuit 303 outputs a second
detected signal j to the synchronization control circuit 302. In response
to the second detected signal j, the synchronization control circuit 302
makes the battery saving signal b | ow™ 149-in l-evel in order to denodul ate
the nodul ated signal a only in tinmed relation to the group G to which the
selective calling receiver belongs. As a result, the radio signa

demodul ator goRer kQLB+APRbHCLY R B%LEE @ﬁ%iagiver 9 to the loud-
speaker 10{.the LED 11, or the vibrétor 12, letting ﬁhe-
user know that a messagé has been received. The character
data stored in thelRAM in the CPU 4 or the message memory’
area of the external RAM 7 is displayed on the LCD 5.
The loudspeaker 10, the LED 11, or the vibrator 12 is
selected based on preset informatidn stored in the ID-ROM
6 and preéet signals from the function switch set 8.  The
function switch set 8 may be preset to display the char-

acter data again on the LCD 5.

The periods in which the CPU 4 operates with
the CPU operating clock signal during the process of
processing the message are indicated by.pulses in FIG.
4(E). While the message is being processed, an interrupt
signal is supplied from the interrupt cpntroi circuit 308
in the deco@er 3 to the CPU 4 over an interrupt signal
;ine d at the times shown in FIG. 4(D). Therefore, the
CPU 4 may store the message data p in thé RAM in the CPU
4 or the message memory area of the external RAM 7 in
synchronism with the interrupt signal.

In the embodimenﬁ shown in FIG. 2, a message is
transmitted continuously with respect to the code words
CWl - CWl6. However, the selective calling receiver
according to the present invention may be of the same

arrangement even when a message is transmitted discretely



The denodul ated data c and the battery saving signal b are also applied to
the selective calling code detecting circuit .305. The selective calling
code détecti’ng circuit 305 conpares a selective calling code contained in
the denodul ated data ¢ with its own selective calling nunbers. At this
time, the selective calling receiver usually:has a plurality. of selective
calling nunbers as its own selective calling-nunbers, and these selective
calling nunbers are stored in the |D>*RAM6. The sel ective cal l.ing nunbers
are read fromthe ID- ROM 6 by the CPU 4, and then sent to the selective
calling code detecting circyit 305 when, the CPU 4 is turned on. |If any one
of thegsel é”c’ﬁq?/er%sﬁ?%gt%tﬁh?er%o S HREAS (17 O(I"thée CPU 4 is not thg sane

as the selective cally, qde. i n the . selective calling cade. detecting
circuit 305, the bat t“llek%’legaﬁ 'nggr}'sﬁvgeﬁﬁlqrf’ i%sasr g?ﬁfé'f’ e%e“?%’wﬁé itfas shown in

FIG 4(B). hfud&S¥d with the preferred embodiments thereof, it

will now readily be possible for one skilled in the art
to put this invention into practice in various other

manners.



the radi o signal denodul ator 2 continuously perforns the bngEFV‘§§VTﬁg‘—--—
action. Lf any one of the selective calling nunbers trahsn1lﬂﬁnu’

CPU. 4 agrees with the selective calling code in the selecti ”'H) g.amﬂHm

- 10 - detecting circuit 305, the battery saving signal b is kebt thi

shown in FIG 4(C). As a result, the radio signal denodul ator

continuously receives transnitted signals éﬁ% this tinme, a detected

agreenment signal o is outputted fromthe™s ctive calling code detecting
circuit 305 to the CPU interface circuit 307 and also to the CPU 4 through

an address bus and U the CPU 4 havi ng been nonitoring whether
a detected agrezqmen %%ﬁalﬂ%qg nputted or not in a step S1 (FIG 5).

When 1. A selective calling receiver for receiving
@ - selective calling signal composed of a plurality of
batch signals each having a synchronizing signal and a
selective calling code or a message code following said
synchronizing signal, comprising:

timing signal generating means for extracting
said synchronizing signal from said selective calling
signal and generating a timing signal in synchronism with
said synchronizing signal} |
message code extracting means for extracting
said message code from said selective calling signal;
a buffer memory for storing said message code
extracted by said message code extracting meens; and
a microprocessor operable with a first clock
‘signal and a second clock signal having a frequency
higher than the frequency of said first clock signal;
said microprocessor comprising means for
storing said message code into said buffer memory with
said first clock signal if said message code is inputted
. from said meésage code extracting means when said timing.
signal is not inputted from said timing_signal generating
means, and for reading said message code from said buffer
memory and processing said message code with said second
clock signal when said timing signal is inputted from

said timing signal generating means.

-
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the detected agreenent signal o is applied to.the CPU 4, t he sel ' .
cal ling nunber which agreed with the selective calling co:déJ“ﬂ ﬂm!wiﬂmjﬂ"
RAMin the CPU 4 or the external RAM7 in a step S2 (FIG ' 3l I
agreement signal o is also sup- plied fromthe selective calling code
detecting circuit 305 to the synchronization control circuit 302. The
synchroni zation control circuit 302 keepigihefbattery savi ng signal b high,
as shown in FIG 4(C), .so as to start receiving a nessage contained in the
denodul ated data c. As a consequence, the radi.o signal denodul ator 2
continuously receives transmtted signals. A nessage reception starting
signal 11is outputted from bheende Gy QURAPLERITA £LdsHiing 1o the

BCH error cor- recting circuit 304, to which the denmpdul ated data c Is also
inputted. WerlaiBCH ehireael 26 @diretdivieC Wd113y number of said

selective calling receiver is registered in advance,

further including decision means for extracting
said selective calling code from said selective calling
signal, comparing said extragted'selective cailing code
with said selective calling number, and for generating a
detected agreement signal when.said selective calling
code and said selective calling humber agree with each
other,

said midroprocessor comprising means for
storing said message code into said bﬁffer memory with
said first clock signal if said message code is inputted
from said message code extracting means when said timing
signal is not inputted from said timiﬂg signal generating
.means, and for reading said message code from said buffer
ﬁemory and processing said message code with said second
ciock signal'when said.timing'signal is inputted from
said timiﬂ§ signal generating means, in the event of
application'of séid detected agreement signal from said

decision means.

3. A selective calling receiver according to
claim 2, wherein said selective calling signal comprises

a POCSAG signal.
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I's supplied with the nessage reception starting signal 1, the BCH error
correcting circuit 304 effects an error correcting operati o“l”“nmlmmuﬂm
bits | B usifg check bits CB and parity bits PB contained in

code words CM - CM6 of the denpdul ated data c. After thé error correctlng
operation, the information bits IB are supplied as nessage data p for the
"respective code words CWM - CW6 to’ {hegCRU interface circuit 307. The
nessage data p supplied to the CPU interface circuit 307 is outputted

t hrough the address bus e and the data bus f to the CPU 4. The. CPU 4
determ nes whet her the nessage data p represents a selective calling code
or a nmessage code in a step S3 (FIG 5), based on the value of the M5B of

t he message data p. 4lf Ahgeleasage dalaingr epredeptsaacording to

any one of claims 1 through 3, wherein said buffer memory
has a storage capacity for storing a maximum number of
bits of said message code contained in one of said batch

signals.

S. A selective calling receiver according to
any one of claims 1 through 4, wherein said microproces-
sor comprises means for processing said message code by

converting said message code into character data.

6. A selective calling receiver accoxding to
claim 5, further including display means for displaying

said character code.

7. A selective calling receiver according to
any one of claims 1 through 6, further including indicat-

ing means for indicating reception.of said message code.

8. A selective calling receiver accordihg to
any one of claims 1 through 7, wherein said second clock
signal has a frequency high enough for said microproces-
sor to complete the processing of all message codes
stored in said buffer memory within the period of said

synchronizing signal.
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nessage code, then the nessage data p is stored in the RAMin the CPU 4 or
a bufferwnemary area in the external RAM7in a step S4 (FIG 5). The
message data p is stored by the CPU 4 using the reference clock signal g
fromthe decoder 3 as an operation clock signal. The synchronization
control circuit 302 has a word.counter (not shown) that is reset by the
second detected signal. j and operates such 18hat the count g of the word
counter, corresponds to the sequence of; the code words CM - CW6 of the

denodul ated data c, as shown |&%%®Aé£%%§$¥ _tlm_ng control

circuit 310 of - 12 - the d c erate a timng signal r which

goes high when the count. g bg;oQ+;Q¥% 88$99hB9-bRE168E i nB1ul8s a decoder

. having a reference clock oscillator and a CPU having a

CPU operating ciock oscillator. The decoder includes a
timing control circuit.fbr generatingla timing signal in
synchronism with a synchronizing signal contained in a
POCSAG signal and a BCH error correcting circuit for
‘extracting a message code from the POCSAG sigﬁal. If the
CPU is supplied with a message code from the decoder when
no timing signal is inpﬁtted from the decoder, the CPU
stores the message code in RAM in the CPU or a buifer
memory area of external RAM connected to the CPU. 1In
this case, the CPU operates with a first clock signal
generated by the reference clock oscillator. When the
CPU is supplied,&ith the timing signal from the decodez,
the CPU reads the message code from the RAM or the buffer
memory area and processes the message code with a second
clock signal generated by the CPU operating clock oscil-
lator and the second clock signal.has a freqﬁency higher

than the frequency of the first clock signal.

-_—
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shown in FIG 4(G) At this tine, there is one- to one correspondence
between*t"ﬂ‘berl ods i'n which the timng signal-r is highin level and the
positions of the syn- chronizing signals SC of the POCSAG si gnal . The
timng signal r is applied to the CPU interface circuit 307, and then
outputted to the CPU 4 through the address bus e and the data bus f. The
CPU 4 determ nes the positions of the synchronizing signals SC of the
POCSAG si gnal based on the timng signal r transmtted fromthe decoder 3
inastep S5 (FIG. 5). At the positior) of the synchronizing signals SC,
the CPU 4 switches fromthe reference sz'ock signal g to a CPU operating
clock signal generated by the CPU operating clock generator 14 in a step S6
(FIG 5). Thereafter, the nmessage data p stored in the RAMin the CPU 4 or
the buffer nmenory area of the extpaj@q_A RAM 7 is read and converted into
character data by the CPU 4, and .

PA B B B

FIG. 1B
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the character data is then stored in the RAMin the CPU 4 or a nessage
menoryrarea:of the external RAM7 in a step S7 (FIG 5). The frequency of
the CPU operating clock signal is set to a-value high enough for the
cenversion fromthe nessage code into the character data in the CPU 4 to be
conpleted within the periods of the synchronizing -~ - 13 - signals SC of
t he POCSAG signal even when all the 16 code words CW - CWL6 contain
nmessage codes. Therefore, even when nmessage codes are transnmitted over
several batch signals B as shown in FIG2Z{A), since the message code can
be converted into character data with respect to each of the batch signals
B, the RAMin the CPU 4 or_the buffer nenory area of the external RAM 7
will be of : '

Q

4

= _\_’5
- _
0T 11 11 1
THU+—] O
Y ¥
L
= T~
m’\_ .
- 1 .
ol 0}
~




sufficient storage capacity to store a maxi mum nunber of bits of the
message coge contained in one batch signal B. Upon conpletion of the
conversion into character data, the CPU 4 switches fromthe CPU operating
¢l ock signal to the reference clock signal g. The nessage data p ex-
tracted fromthe next transmtted batch signal Bis then simlarly
converted into character data. Wen the  transm ssion -of nessage codes is
finished, the CPU 4 switches fromthe E%?érence cl ock signal g to the CPU
operating clock signal in a step S8 (FlI 5). The nessage data p.stored in
the RAMin the CPU 4 or the buffer nmenory area of the external RAM7 is

and the character data

read and converted ignto character data oy the CPU 4
is then stored in the RAMin the CPU 4 |or the nessabe mengry area _of the
external RAM7 in @fstep S8 (FIG 5).° Thereafter, $he pr#gess of processing
the message with.thg CPU 4 is ended inja step 9 (FIG 5).
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=f;ﬁZen the process of processing the nmessage cones to an end, a signal

~~ I'ndi cat.i ng.the reception of the nessage is
through the driver 9 to the |oud- speaker 10, the LED 11, or-the vibrator
12, letting the user know that a message has been received. The character

nmessage menory aréa of the

_ 10, the LED 11,

or the vibrator 12 is sel ected based on preset informtgon stored in:the

data stored in the RAMin the CPU 4 or th
external RAM 7 is displayed on the LCD é+

| D-ROM 6 and preset signals fr

om t he
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tﬁe CPU qperat,ing clock signal during t he process of processirng the nmessage
are indicated by pulses in FIG 4(E).
an tnterrupt signal

shown in FIG 4(D).

synchronismw th the interrupt signal.

CW6. However,

di scretely

line d

St to the cod

Wil e the nessage i s bei.ng processed,
is supplied fromthe interrupt control
t he decoder 3 to the CPU 4 over an interrupt signa
Ther ef or e,

circuit 308 in
at :the tines

the CPU 4 may store the nessage data p in
the RAMin the CPU 4 or thé nessage nehory area of the external
In the enbodi ment shownh in FIG 2,
nmessage is transmtted continuously mnth res

RAM 7 in

e words COWM -

the selective calling receiver according to the present
i nvention may be of the sane arrangenent even when a nessage is. transn1tted
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A
with respect to the code words CW - CW6. Wiile this invention has been
described in conjunction with the preferred enbodi nents thereof, it wll

/n_OW readily be possible for one skilled in the art to pup—th+s—avention
imto practice in various other nmanners. CLAI M5 1. AmMEMEN’?ﬁy .

receiver for receiving a selective calling signal conposgd o a ptuttet E%}g

of batch signals each having a synchroni zli ng si-gnal and Ja seb%cn%ﬁz? al lji ng

code or a nessage code follow ng said synchronizing sigrnal], €o ?%
timng signal generating nmeans for extracting said synchrrzAg-signal
fromsaid selective calling signal and generating a timjng signal in
synchronismw th said synchroni zing signal; nmessage code eXITactthg—eans
for extracting said nessage code from said sel ective

SELECTIVE CALLING RECEIVER

ABSTRACT

A selective calling receiver includes a decoder (3) having a reference clock

_ oscillator (13) and a CPU (4) having a CPU operating clock oscillator (14). The
~ decoder (3) includes a timing control circuit for generating a timing sighal in
synchronism with a synchronizing signal contained in a POCSAG signal and a BCH
error correcting circuit for extracting a message code from the PQCSAG signal. If the
CPU (4) is supplied with a message code from the decoder (3) when no timing signal is
inputted from the decoder (3), the CPU (4) stores the message code in RAM in the
CPU 4) ora buffer memory area of external RAM connected to the CPU. In this case,
the CPU (4) operates with a first clock signal generated by the reference clock
oscillator (13). When the CPU is supplied with the timing signal from the decoder, the
CPU reads the message code from the RAM or the buffer memory area and processes

U the message code.

Fig. 2
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ca!_‘_ IJ 10§ CEMENWfSEEEh’ermry for storing sajd NRESAICE RN ‘“Taet—ed...th_,
sard nmespape code extra Iing nmeans; and.a m crnn’a&g&&gfma Wt hS§
first clpck p@ a econd cl ock si gnal h\ﬁﬁgala}.,:freq@%ﬁ‘c %W@F«dl@an
the frqueﬁcy 0 wﬁ?@@ﬁ%@
means fof StorTng—sate e sage code int o4sa| d bqgjf,@“ g”‘% ‘A Saipdgdd r:st
clock signal if sald nmessgge code is inputted from sal me

extracting pmeans is ngt | uttedfromsaldtlmng
si gnal gerfBl"ﬁ‘?RfH@es%ans and for reading sai d lneH) OF RRECEIPINRSA! 29

d \
sal 4 { a1 PLOASARORE 3 The BT R e RGN e ngeergtl
sal mcr
1°' Whor oi 1tk HERER, mag be of wif gl ARy GERTE e meseRy Fyné&?%@‘éfb‘%rm. :

regi st er edefdiigdvan rédéNePeﬁeeﬁﬁ”B)"Huﬁef‘Qnéiﬁ he¥ing B 8rgh OStofsE " Bdat

sai d selective call ﬁ%g code fromsaid sel ectlsﬂ\yz cal ?&ﬁg Sgl gnallEag cg?gai??'ng
sai d extr agbReverelaaCincrse ah [the Gtoragte capacity i ille Swiffee temoryapbsesca memritves ,
and for generating a detected agreenent signal when said selective calling
code and sprobleatbeause/miniafutizatiponis wine of dgr imporfantgaedcihichithe selective calling

receivers are to attain.
SUMMARY OF THE INVENTION

It is an object of the presént invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided a selective
calling receiver for receiving a selective calling signal composed of a plurality of batch
signals each having a synchronizing signal and a selective calling code or a message code

. fci)llowing said synchroni_zing signal, comprising: t;lmmgsngq;'«ﬂ generating means for
extracting said synchronizing signal fr_om said selective calling signal and generating a
timing signal in synchronism with said synchronizing signal; message code extracting
means for extracting said message code from said selective calling signal; a buffer
memory for sforing said message code extracted by said message code extracting means;
and a microprocessor operable with a first clock signal and a second clock signal having
a frequency higher than the_-frequency of said first clock signal; said microprocessor
comprising means for storing said message code into said buffer memory with said first
clock signal if said message code is inputted from said message code extracting means
when said timing signai is not inputted from said timing signal generating means, and for
reading said méssage code from said buffer memdry and processing said message code
with said second clock signal when said timing signal is inputted from said timing signal
generating means to said microprocessor.

According to another aspect of the present invention there is provided a paging

receiver for receiving a calling signal including a synchronization code signal and a




said m eroprocessor conprising means for storing said nessage code into
sai‘d buffer nmenory with said first clock signal if said nessage code is

i nputted from said nmessage code extracting nmeans when said timng signal is
not inputted fromsaid timng 17 signal generating neans, and for
readi ng sai d nessage code fromsaid buffé& nenmory and processing said
nmessage code with said second clock signal when said timng signal is

i nputted f i L ' ' NS, .l a t f,. .
appl i cati offeareg gk sEnBe sBlg BinelRaRA iR ecbllr HEuE XE berring vaid
said mcro SSEH: L ¥ hng: RY2=Ts ' t i m
2, wherei neélg?g Sua(laggc!ivfgrég [ glgdgggxg‘?ﬁé%?f%rolhg@gb\aé 5’_6%@%@@“8%% ::?ec .&iA
sel ective gRistdoBUsibRACKYET BnfRg Figihl tRcadihgORe Ol §rRhfBhizhtibh' D6 Nsignal;
wherein said buffer nmenory has a storage capacity for storing a maxi hum
nunber of bidntorg ménmk Cotpied agsaidadteodar thenns €6k 4toring €aid desaticd heskade ﬁ%ﬁm,a' S.
5. A selective calling receiver according to any one of clains 1, or 3,
wher ei n saiclbck means for generating a clock signal in response to said timing signal; and message

process means coupled to said memory means and responsive to said clock signal for
processing said stored message signal in said memory means.
According to still another aspect of the present invention there is provided a paging
receiver for receiving a calling signal including a synchronization code signal and a
. message code signal, said paging receiver comprising: decoder meané for decoding said
calling signal and for detecting said synchronization code signal to produce a decoded
message signal and a timing signal according to said synchronization code signal;
memory means coupled to said decoder means for storing said decoded message signal;
switch means for switching a clock signal in iresponse to said timing signal; and message
process means coupled to said memory means and responsive to said switched clock
signal for processing said stored message signal in said memory means.
BRIEF DESCRIPTION OF THE DRAWINGS
_ The features and advantages of the present invention will become apparent from
the following description when taken in conjunction with the accompanying drawings in
which:
FIG. 1A is a diagram showing the format of a POCSAG signal;
.. FIG. 1B is a diagram showing each of the batch signals of the POCSAG signal
 shownin FIG. 1A;
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M. Cr Opr.ocessor - Gonpr. | ses _neans for processing said nessag %

conver 1. Sail neyepaone nto character daia. o A S IFHNIIIAN
recei ve cootehig—td—tt'di m 5, further including display:- c 1Oy g s

dt spl ay} n i d charactfer] code. 7. A selective calling rleceiver according
to : e faéBE§i1ﬁ%7 14 4 or 3 further il uding i ndi cgti ng means for ’
I ndi cat)i ng—reception off $ai d nessage code. 8. A selective calling
one of cl ai ]Img or 3,.wherein said second

koo : ency hi gh eno?}ﬁ* sai d m croprocessor to
conpl ete ep : g,%ke e ' e
within t hef]'peré%éﬁgﬁbgg?@h%%%ﬁﬁ??g?%ge Sl g?}g?l%ﬁdcﬂl,&rhg;ggﬁa&gé%ﬁ cgiever fgr
recei ving [ bi [ ' oo fti
ressage odNE e e B g ot
decodi N9 S Hmedabé BEdeSfolloMingaid yrichelpiAagd sipsalseomprisimghr oni zat i on code
signal to produce a decoded message signal and a timng signal according to
sai d synchr oni tiiingosigex denerating Imeane for yxtraeting said syhehtoniving adighall diooml esaid
means for storing sald decoded nessage signal;

selective calling signal and generating a timing signal in synchronism with said

synchronizing signal;

message code extracting means for extracting said message code from said selective
calling signal;

e. buffer memory for storing said message code extracted by said message-a%gdg,
extracting means; and | -

| a microprocessor opereble with a first clock signal and-a-second clock signal
having a frequency higher than the frequency of said first clock signal;

said microprocessor comprising means for storing said message code into said
buffer memory with said firet clock signal if said message code is inputted from said
message code extracting means when said timing eignal is not inputted from said t1mmg
signal generating means, and for reading said message code from said buffer memory
and processing said message code with said second clock signal when said timing signal
is inputted from said timing signal generating means to said microprocessor.
2. A selective calling receiver according to claim 1, wherein a selective calling
number of said selective calling receiver is registered in advance,

. further comprising decision means for extracting said selective calling code from
said selective calling signal, comparing said extracted selective calling code with said
selective calling number, and for generating a detected agreement signal. when said
selective calling code and said selective calling number agree with eaeh otheI:,

said microprocessor comprising means for storing said. message code into said
buffer memory with said first clock signal if said message code is inputted from said

message code extracting means when said timing signal is not inputted from said timing



clock nmeans fQREPEACEMEND SHEET¢ck signal in response to said tinin
sigrial ; and 3 feans coupled to said ml’[mu l ﬂﬂ !l .
responsive to |s ?%@E“ nal Ifor processing said stoné

ih said menory R : p4dgilng receiyer for receiving a calling signal

i ncl uding a sypchrani zati-er—dd signal15nd a nessage code signal, said

pagi ng recei ver conpr[sing:.dec der nmeans for decoding said calling signal
and for d%lgggﬁf SO TR e of bddify S SméshiRAode O OIOAE Buffet aichile
nmessage sighal "and atimng signal according to said synchronization code
signal ; A focERAR s&idURtsesbel odeakith 846 Gelnd dekssifal witiensaidOtimarigdsigeal oded.
message signal; switch means for switching a clock signal in response to

sai d ti m ngjfpueé fron Raidraing ozl gensatingemeanse i fHeezvenbob spplicationo of saidans
and responsive to said switched clock signal for processing said stored
message sidgteatedi agreemient signalr fyomsaidsdecision means to said microprocessor.

3. A selective calling receiver according to claim 2, wherein said selective calling
signal comprises a POCSAG signal.
4. A selective calling receiver according to any one of claims 1 through 3, wherein
said buffer memory has a storage capacity for storing a maximum number of bits of said
message code contained in one of said batch signals.
5. A selective calling receiver according to any one of claims 1, 2 or 3, wherein said
microprocessor comprises means for processing said message code by converting said
message code into character data.
6. A selective calling rec;,eiver according to claim 5, further including display means
for displaying said character code. '
7. A selective calling receiver according to any one of claims 1, 2 or 3 further
including indicating means for indicating reception of said message code.
8. A selective calling receiver according to any one of claims 1, 2 or 3, wherein said
second clock signal has a frequency high enough for said microprocessor to complete the
processing of all message codes stored in said buffer memory within the period of said
synchronizing signal.
9. A paging receiver for receiving a calling signal including a synchronization code
signal and a message code signal, said paging receiver comprising:

decoder means for decoding said calling signal and for detecting said
synchronization code signal to produce a decoded message signal and a timing signal
according to said synchronization code signal;

memory means coupled to said decoder means for storing said decoded message
signal;

clock means for generating a clock signal in response to said timing signal; and
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message process mear;s coupled to said memory means and responsive to said
clock signal for processing said stored message signal in said memory means.
10. A paging receiver for receiving a calling signal including a synchronization code
signal and a message code signal, said paging receiver comprising:

decoder means for decoding said calling signal and for detecting said
synchronization code signal to produce a decoded message sigpal and a timing signal
according to said synchronization code signal;

memory means coupled to said decoder means for storing said decoded message
signal;

switch means for switching a clock signal in response to said timing signal; and

messagé process means coupled to said memory means and responsive to said

switched clock signal for processing said stored message signal in said memory means.

..



