"Di spl ay Radi o Pagi ng Recei ver and nethod suitable for use theréfn"

BACKGROUND OF THE | NVENT] ON, (5 They 4R CO L[_,
invention relates.to a radi o pagi pg reeceiver having a display unit and to a
met hod .table for use therein. In radi o paging systens demands have

ari se@transm’t a sender's message and'imdicate it on a liquid 10

crysta I splay. Due to the snmall size of the paging receiver, the nunber
of display segnents available is severely Iimted. One approach involves
scrolling the nessage on a per character basis and another invol ves

di viding the nessage into dpidpdpaksaPd PAM ALt RESe 2015 putting them
on display on a per-block-at-a-tinme basis. Tt Ts also known that in a

pagi ng receiver of the typmdavétfbdiOsRitdblé NreiSbaythbBeeiR®sSage is
di vided into sections and sequentially stored in nenory cells and
sequential 'y retrieved i n 'BAIKGREUND ONCTHRMINVENDEOR! i on 20 of a(reset
key in the order of freshness of the recei'ved nessage. It woul d be
advant ageous to coffiengresentnEnuedntidn i gelates reseatragibephgiagwi th the
conveni ence of a visual display so that a block of characters is displayed
on manual cé@eRiyerriavdngladivplas et arid vie | abhetRed swbtdbllength it
woul d be conveni nent to give a visual indication whether the displayed
i nf or mat i on*P¥ Hgepdhereip,
In radio paging systems demands have arisen to é%
o transmit a sender's message and indicate it on a liquid 4
10 crystal display. Due to the small size of the paging
receiver, the number of display segments available is
severely limited. One approach involves scrolling the
message on a per character basis and another involves
dividing the message into like blocks of characters and
15 putting them on display on a per-block-at-a-time basis.
It is also known that in a paging receiver of the
type having no built-in display the message is divided into
" sections and sequentially stored in memory cells and Q_
- seguentially retrieved in response to the manual operation
20 of a reset key in the order of freshness of the received
message. It would be advantageous to combine this manually
triggered resetting feature with the convenience of a
visual display so that a block of characters is displayed
on manual command. For displaying messages of variable

25 word length it would be conveninent to give a visual

indication whether the displayed information is to be .



‘continued or it .is a continuation fromthe previous one. It is therefore a
feature of amr enbodi nent ,of the invention to provide a radi o paging
receiver having a display unit whi,ch generates a display of a ta -
indicating 5 the status of a portion or the whole of a variable %g;%ﬁh
nmessage bei ng displayed and a prediction @f _.a subsequently * displrayed
message portion. An enbodi nent- of a radi o pagi ng receiver to be descri bed
S _ 10 adapted to receive a

radi o-frequency ,pagi si gnal, bearing.a preanble a,subscriber's address
word and a nmes éﬁ%gf%p Figﬁnﬁsa? F@E% ngﬁglﬁgéggag ﬁ%ﬁdngVQO Ped8fer ni ned

number of digits. I iILGROLRITATR i135%utel b3PlA) oliBolisiRKENG 3 Ll St
segnent and an array of second segnents, the it nunber of the second .
segnents i s 3RvieRta%naloMplovillye Qfr%h&o”?E%%thEebgﬁv@kghh§ih§ Lhe nessage
word, a_plurality of storage cells respectively for storing the nessage
‘words therei Qi spldyd ushdta whiREE gehkgathist a diepdalad ol acRag Raduehiidet ects
a match BDetween the received address word and 20 a subscriber's address
word to sexjuchiel altlatust efea poatdonndire the wheleced wedatrRasvagelengedn i Nt o
the storage cells, generates a nuneral indicating the degree of freshness
of the recei nedsmgesbgdnaddispilayedeandr at preddcilionf ofhe dahseguentiire
recei ved nmessage is greater than the nunmber 25 of the second segnents,
and gener at edisplayegomessage: BertioBperati on of the reset key a display of

the nuneral on the . ] .
An embodiment of a radio paging receiver to be

L described is

10 adapted to receive a radio-frequency paging signdl bearing
a preamble, a subscriber's address word and a message
comprisin§ at least one message word of a predetermined
number of digits. The receiver comﬁrises a'diSplay unit
having a first segment and an array of second segments, the

15 number of ﬁhe second segments is an inﬁegral multiple of
the number of the digits in the méssage word, a plurality
of-storage cells respectively for storing the message words

Ly _ therein, and a data processing unit. The data processing
unit detects a match between the received address word and

20 a subscriber's address word to sequentially stores one or
more of the received message words into the storage cells,
generates a numeral indicating the degree of freshness of
the received message, detects whether the total of the
digits in the reéeived message is greater than the number

25 of the second segments, and generates in response to the



-

first 'segnment and a display of a stored nessage word on the second segnents

with an indication of the presence of a nessage word to be subsé&quently
displayed if said total is 5 greater “than the nunber of the digits, or

gener at
message-

dlsplayed nmessage word if said total is greater than the nunber of digits.

10

d
d

i splay of a synbol on the first segnent indicating that the
bei ng displayed is a continuation fromthe previously

BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention

will be described in further detail with reference to the acconpanyi ng
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greater than the number of the digits, or generates a

display of a symbol on the first segment indicating that

the message word being displayed is a continuation from the .—

previously displayed message word if said total is greater
than the number of digits.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in further
detail with reference to the accompanying drawings, in
which:

?ig. 1 is a schematic illustration of a radio paging

‘receiver embodying the invention;

Figs. 2a to 2c¢ are illustrations of the data
structure of a paging signal;

Fig. 3 is a block diagram of the decoder of Fig. 1;

Fig. 4 is an illustration of the details of the data
memory of Fig. 3; _ _ _

Figs. Sa_to S5c are a flowchart describing a seguence
of instrﬁctions to be executed after the paging receiver is
powered; | |

Fig. 6a and 6b are a flowchart describing a sequencé

of instructions to be executed during standby periods;

4
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display; Fig. 8is an illstration of a 10-digit message on display; and 5
Figs. 9a and 9b are illustrations of a 20-digit nessage on displ ay.

DETAI LED DESCRI PTI ON A radi o pagi ng recei ver enbodying the invention, -
shown at Fig. 1, generally conprises an antenna 1, a radio 10 f regtiency
section 2 which denodul ates a radi o-frequency pagi ng signal intercépj by
the antenna into the original baseband signal, and -a waveshaping cir 3
that shapes the baseband signal into clear pulses suitable for processing
in a decoder 4. The decoder 4 checks to see if 15 the receiver is being
addressed by consulting with a programmable read-only nmenory 5 in which the
owner's address word is stored. An audio frequency oscillator 6 is coupled
to the decoder 4 to prpigde7absaafi blluetirettyn sofnal 1idneidt deysegki ved
address word matches the stored 20 address and energi zes a | oudspeaker 7
to give,an al erdispyamb. The warning signal is reset when the owner presses
a key 9, A 12-digit liguid crystal display 8 is coupled to the decoder 4 to
provide a visual indi cBifenBotstar ibtetrationsehie Hrdipkt message ton
basis. The decoder 4 is 25 a m croprocessor-based control unit which
operates on a @isBlayi@nfase determined by a crystal 10.

5 Figs. 9a and 9b are illustrations of a 20-digit

message on display.

DETAILED DESCRIPTION

A radio paging receiver embodying the invention,
shown at Fig. 1, generally comprises'an antenna 1, a radio
10 frequency section 2 which demodulates a radio-frequency

paging signal intercepted by the antenna into the original

baseband signal, and a waveshaping circuit 3 that shapes
the baseband signal into clear pulses suitable for
processing in a decoder 4. The decoder 4 checks to see if

15 the receiver is being addréssed by éonsulting with a |
programmable read-only memory's in which the owner's

s address word is stored. An audio'frequency osgillator 6 is

coupled to the decoder 4 to provide an audio frequency
signal when the received address word.matches the stored

20 address and energizes a loudspeaker 7 to give an alert
signal. The warning signal is ieset when the owner presses
a key 9. A 1l2-digit liquid_crystal display 8 is coupled to
the decoder 4 to provide a visual indication of the
received message on a per 10-digit basis. The decoder 4 is

25 a microprocessor-based control unit which operates on a



The data structure of the paging signal is shown in Fig. 2a.’ The signal
conpri ses ‘a series of blocks each containing a subscriber's address frane N
and a subsequent 5 series of nessage franes |. The sequence of blocks s’
preceded by a preanble P followed by a frame synchroni zation word F. In the
preseng=npbodi nent, a maxi num of four nessage can be transnmitted. The sane
Agnal is repeatedly transmitted for confirmation. 10 The word

df the address and nessage frame3 #are illustrated in Figs. 2b and
-2c, respectively. The address frane conprises 32 bits of information

organi zed into 21 bits of address information and 10 bits of checkword
fol | owed by V, ag | b ER., The Syanformation 15 bits start
wth a binargﬂm%"§$%$ é%%%f$*§?§5b¥H%tc€ﬂ§£$£n%?hder 20 bits are a .
subscriber’s addr esppdodse I ePueOIPE | SESthé VEading i Sighat PElansRgNiAN

bi nary coded deci mal notation (BCD). Simlarly, the neSsage franme conprises
32 bits of imferned] onmégém]'yasﬂ tomPr Pdedi 4 Ss@tidd of NBEE6ERS éatler et i on
and 10 bits of checkword followed by an even parity bit EP. The nmessage

i nformati on dontsabting av sibschiber ys "dddfess i friemé i Ryand & hshbsdguent

remai nder 20 bits are a nessage word which |ikew se conprises five digits
of 4 bitx em¢ries whamessagedfxamesl. ndthe i sequence of block$gis3 is an

illustration of the_detail of the -6-_ decoder 4. The decoder conprises a
program men®kecgAed by a preamble P followed by a frame

synchronization word F. 1In thg presept embodiment, a L)
maximum of four message can be transmitted. The same
paging signal is repeatedly transmitted for confirmation.

10 The word formats of the address and message frames are
illustrafed ip Fiés.IZb and 2c¢, respectively. The address
frame comprises 32 bits of information organized into 21
bifs of address information and 10 bits of checkword
followed by an even parity bit EP. The address information

15  bits start with a binary "0" for identifying that the
remainder 20 bits are a subscriber's address word which
comprises five digits.of.4'bits each in binary coded ' \’
decimal notation (BCD). Similarly, the message ffame
'comprises 32 bits of infbrmation organized into 21 bits of

20 message information and 10 bits of checkworad followed by an'
even parity bit EP. The message information bits start
with a binary "1" for indentifying that the remainder 20
‘bits are a message word which likewise comprises five
digits'of 4 bits each in binary coded decimal notation.

25 Fig. 3 is an illustration of the detail of the



whi ch.stores praogranmed instructions to be operated upon by an instruction
- decoder 403. s A program counter 402 is increnented by one each tine an
jnstruction is read out of 5 t he, program nenory 401.into the instruction
decoder 403 which operates on the instructions and sends control sigfzds
various parts of the decoder. The decoder includes a data nmenory 449

i's coupl ed through a data- bus 408 and through output and input por
407 to the 10 PROM 5. The output of thg data memory 409 is coupled to a
di-splay control/driver 414 which supplies the necessary data stored in the
menory 409 to the display unit 8. An arithnetic and logic unit 411 and an
accunmul ator 410 are connected to the data bus 408 for processing data they
15 receive Qeeddelesi.nsrhechecdadecedpri8és aApkbgeaamembegesenry for
the instruction decoder 403 to read the received data at proper timng is
derlved fron1uhgchcatbreacpndgngmmadosnstraCbuonSStoopreperateﬂeupoysbﬁl
quart z %% and a tiner 412. -20 As illustrated in Fig. 4, the data
menory 409 i n@pudestsustige éﬁ@aéeﬁeépénatédpnpgrﬁﬂ cepntel 482 &sch
conpr|3|ng four menory cells Mx, MPx an¢g MDATAx, (where, x_ =1, 2, 3
or 4). A rresséBErﬁEGP}{rﬁdabﬂa?PPruﬁ?SF &eme.gpt insEryctien iR FRadneRbrot col |

5 Di ' d h
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which operates on the instructions and sends control

signals té various parts of the decoder. The decoder

includes a data memdry 409 ﬁhich is coupled through a data

bus 408 and through output and input ports 406, 40# to the
10 PROM 5. The output of the data memsry 409 is coupled to a

display control/driver 414 which supplies the necessary

data stored in the memory 409 to the display unit 8. An
arithmetic and logic unit 411 and an accumulator 410 are
conpected to the data bus 408 for'processing data they

15 receive from the instruction decoder 403. A time base
necessary for the instruction decoder 403 to read the

&,z received data at proper timing is derived from a.circuit
Aincluding an oscillator 413 coupled to the crystal quartz
10 and a timer 412.

20 - As illﬁstrated in Pig. 4, the data memory 409
includes storage areas designated M1, M2, M3.and M4, each
comprising four memory celis MFx, MSx, MPx and MDATAx
(where, x =1, 2, 3 or 4). A message having a maximum of
10 digits is stored in‘the memory cell MDATAx. A binafy 1

25 in memory cell MFx indicates the presence of a message in
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I ndi cates the absence of any nessage. If the length of the stored nessage
is less than 10 digits, a binary 0 is stored in nenmary cell Msx‘and if the
nmessage ]l.ength exceeds 10 5 digits a binary 1 is stored in MSx. MX is:
| oaded - y&:h a binary "1" exclusively when the nessage word stored in MDATAX
Is the 5t 10-digit part of a given nessage. The data nmenory 409 furt’her

I ncl udessenory cells designated MADx (x =1, 2, 3 and 4), WC, RC and MC.
The 10 address codes of the storage areabk-M to M4 are stored in nenory
cells MADL to MAD4, respectively. If the received nessage conprises nore

t han one nessage, the address code stored in nenory cell MADL corresponds

to the newest nessage word and the _addre code, i n cell D4, cqry esponds 15
to the ol dest Hhes NEREARS FeMOfe ‘?ﬁsﬁDS{P‘%@f’q aRe &Riacy 4 g wdbe -

| ocation in whi t he cqunt | ue_of a e word er s stored. . The
menory cel | qu-%;lcﬁg&f %g’esta %eené’r? S PeYs TR B tﬁ%]ar%her &?M% S
MAD and the c [ ég%?é §§g§, sefs i 1iShal AL, téﬁ%ﬁg@
one 20 in rgéséggr\lééen%o t e g%e?'é’%ﬁn 0 ?T?érgrl?;le%@'kg'BQI%d%e(ﬁﬁcount

val ue represens reltRdrdedeld MsH AT TS tHY nduBagRs SRy Uie Bickdls Aiws.

5a-5c, 6a-6b are the flowharts which describe a program of the decoder 4.
25 5 Tlid gitegreamivaewyn lati sFisgor da-imc MSx .coMper riad Mdded witdr a
generating a display of nobst recently received nessages.

binary "1" exclusively when the message word stored in

o

MDATAX is the first 10-digit part of a given message. \\J

The data memory 409 further includes memory cells
designated MADx (x = 1, 2, 3 and 4), WC, RC and MC. The
10 address codes of the storage areas Ml to M4 are stored in

memory cells MADl to MAD4, respectively. If the received

message comprises more than one message, the address code
- stored ip memory cell MADl corresponds to the newest
message wora and the address code in cell MAD4 corresponds
15 to the oldest message word. The memory cell WC serves as a
storage location in which the count value of a message word
counter is stored. The memory cell RC is used to store an ‘w
address code of the address memory cells MAD and the cell
'MC is used as a message counter which is incremented by one
20 in response to the operation of the reset key 9. The MC
count value fepresents the degree of freshness of the
messége received.
Fiés. 5a-5c, 6a-6b are the flowcharts which describe
a: program of the decoder 4. |

25 The program shown at Figs. 5a-5c is concerned with



Wien power is switched on, the storage areas M to M4 are cleared and the -
address areas: MAD1 to MADM4 are initialized at Step 101 with the addresses
of the areas M4, M3, M2 and 5 M, respectively. Wen a natch O/“ﬁ
bet ween a recei ved address word and the owner's address word stor;gﬁ.J
PROM 5 at Step 102, the nessage-word count area WC is reset to zero, at* Step
103 and a nessage word that follows is - stored into a buffer nenory at
Step 104. The received 10 message word-ig checked for error at Step 105
using a succeeding 10-bit checkword. If noerror exists in the nmessage
word, the program execution exits to a Step 108 and if an error is
detected, a Step 106 is executed to check to see if that error is a single
bit error, andgehesatihbia @bsplayrof mestoreeettlly ateStiped OdessddesDre
than one bit is in error, the received nessage is discarded and the step
returns_to 102Whep BPUQIIQS svﬁbchg@tosrghh¢|%bmraq¢tatﬁaeriertMﬁe%@age
word is, ghecked, If a binar 1" is detected, the 20 decoder

di sti nglt shes F%ea§eﬂnapﬁdF%ﬁt?Gﬁr?ﬁ%tafﬁésn%%%hg%°s¥$?f aemtimttealigrd i f

a binary "0" is detect t he, decoder .reco it as the end of nmessage
and goe)s/ to a @I’eg ?Lﬁlfgks‘ghﬁ’é H‘l%ta‘i‘? Eh%leﬁ’é%‘?%cf‘%'t Moy @ndne

170 aro refeat hr,*8REREFERER: | W@%iaafﬁ&? S Seent ¥ QR 17

this vay, a ”E§539§s§‘&8r&paﬁ@ the owner's address word stored in the

. PROM 5 at Step 102, the ﬁessage-word count area WC is reset
~ to zero at Step 103 and a message word that follows is
stored into a buffer memory at Step 104. The receivéd
10 message word is checked for error at Step 105 using a

succeeding io-bit checkword. 1If no error exists in the
message word, the program execution exits to a Step 108 and
if an.error is detected, a Step 106 is executed to check to
see if that error is a single bit error, and if so, this

15 error is corrected at Step 107. If more than one bit is in
error, the received message is discarded and the step

\ : returns to 102. | -
At Step 108, the most significant bif of the next

message word is checked. If a binary “i" ié detected, the

20 gecoder distinguishes:it aé an indication that the message
still continues, and if a binary "0" is detected, the
decoder recognizes it'as the end of message and goes to a
Step 1l1. Assume that binary-“l' is detgcted at Step 108,
the word counter WC is incremented by one at Step 169 and

25 the Steps 104 to 110 are ‘repeatedly executed until WC = 4



a 4-word length can be received. As shown in Fig. 7, the display 8

conprises a li ar array of 12 nenory cells with the.leftnmost or<first digit

5 position DS being assigned a nuneral inpdicating the status of one or * -
two ness words which are given in a data indicating portion designated
DDATA in ing the third to twelve nenory cells which are separated by a.
bl ank cePBK. For display purposes, it ig therefore necessary to 10

det er mi ne whet her the received nessage i s Iéés than 10 digits (1-word or
2-word length) or 11 to 20 digits (3-word or 4-word length). If a received
message conprises 11 to 20 digits, the count value i-s equal to or greater

than 3 and t hg pifRGRPAXatUStRD 1203 ! ThO¥Hl sawadt, Nal elsediged with upt @RS
114 and 115, and if not it goes through a path including Steps 112 and 113.
At Step 112, wha-sdddedengtticsanl baereceived.s MADL to MAD4 are shifted in
rotation by an increnent of one address bit so that MAD1l, MAD2, MAD3, and
MAD4 are | oaded 20 Awi showhne ipr igoud ratbecdd spddys Sofcompdd sesn\B1 1iNaB2
and MAD3, respectively, and at Steg 113 the #1-#10 digit nmessage words are
transferred fas¥RYhefbdRf semasioeplis WAShnEher jefsmpshDarAfiKstcdipdt

addressedsby MAD], -, and nennn§ cells MFx, Mdx, MPx are,updated with "1",
0", 25 OIresBesitiepyDS being agsigped 2 numeral,indicatipgqsher stakps: ed

from one of one or two message words which are given in a data
indicating portion désignéted DDATA including the third to
twelve memory cells which are separated by a blank cell BK.
For display purposes, it is therefore necessary to | -
10 getermine whether.the.réceived message is less than 10
digits (l-wofd or 2-word iength) or 11 to 20 digits (3-word
or 4-word iength). If a received méssagé-comprises 11 to
' 20 digits, the count value is equal to or gfeater than 3
and the program execution goes through a path including
15 Steps.ll4 and 115, and if not it goes through a path
including Steps 112 and 113. _

At Step 112, the address cddeg of memory cells MADl {;)
to MAD4 are shifted.in rotation by an increment of.one'
address bit so that MADl, MAD2, MAD3 and MAD4 are loaded

20 with the previous address codes of MAD4, MADl, MAD2 and.
MAD3, respectively, and at step 113 the $#1-#10 digit
messﬁge words are.transferred from the buffer memory to the
‘memory cell MDATAx which is addressed by MADl; ahd memory
cells MPx, MSx, MPx are updated with "1%, "Q0", "0"

25 respectively.



menory cell to another by an increnent of two address bits so that nenory
cells MADL, MAD2, MAD3, NAD4 are updated with the previous address words of
MAD3, MAD4, MADL1 and 5 MAD2, respectively. In the next Step 115, the
first 10 digit part of the nessage data (which conprises 11 to 20 di'gits)

I s addressed by MAD2 and | oaded into the nmenory cell NDATAxI| of st%ﬁ?w&
area Mkl. Menory cells M~xIl, Msxl, MPx1 are all |oaded with a bi narsy—1".
Si mul t aneously, the 10 second 10 digit pa¥@ of the nessage is addressed
by MADL and | oaded into the nenory cell NMDATAx2 of M2, and nenory cells

. MFx2, MBx2 and MPx2 are |oaded with "1", "1" and "0", respectively. After

- execution of Steps 113 or_115,.  the progr advances to a Step 116, 15
Therefore, the ngssagé“_t eHdth ](}‘f4h't etﬁ"%i 5t v rae‘iﬁuébbfo’iﬁﬁlyfm one
memory cell,  and lRerine e IRIRLY iflde & LRI & o JOU Ll S pite

situatipn in whic he”second -digit par the nessage 1s™
(addr es52a by SROAT BRIy Yy RIS s o WA AR Frs il
respectively. {fiith ithedpréASus AdateFd WAMdY N MADY, MDY,y Ml assed hy
MAD4 nust be cleared. Steps 116, 117 and 118 are provided to detect such
situation. 5St emadR9 irespeetitvedyt.0 dreahd hexteStage MNE,d tHeOrfdd st 125
cell Mk which is addressed by MAD4. - 11 - Upon the execution of Step
119, the oscil Qigdt parts of the message data (which comprises 11 to 20
- digits)} is addressed by MAD2 and loaded into the memory
 \”/ ' cell MDATAXl of storage area Mxl. Memory cells MFxl, MSxl,
- 'MPxl are all loaded with a binary "1". Simultanebusly,'the
10 'second 10 digit part of the message is'addfessed bg_MADl. |
and loadea iﬁto the memory cell MDATAx2 of Mx2, and meﬁory
cells MFx2, MSx2 and MPx2 are loaded with "1", "1" and "0%,
respectively. After execution of Steps 113 or 115, the
program advances to a Step llé6.
15 Therefore, the message.length of ten digits or less
| requires only one ﬁemory cell, and otherwise two memory
\_ cells are required. There is a situation in which the
second 10-digit part of the message is left in the memory
where the oldest data are to be stored, if memory cells MFx
20 (addressed by MAD4), MSx and MPx are loaded with *1", "1
and "0", respéctively. This is an undesirable situation
and the memory addressed.by MAD4Imust be cleared. Steps
116, 117 and 118 are provided to detect such situation.

Step 119 is executed to clear the message word stored in-

25  cell Mx which is addressed by MAD.4,
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energi zed through output port 404 to generate an alert signal indicating
that a nessage call is being receive (Step 120).. The program executi on goes
to Step 121 to 5 determine if the count value stored in WCis equal to or
greater than 3, and if not, goes to Step 122, and if so, goes to Step 125.
Thus, | be recei ved nessage is of 1-word or 2-word | ength, the program
executgaxms to the Step 122. At 10 -Step-122, the nessage words in
MDATAXxNar'e addressed by MADL and displ ayed on the portion DDATA and the
menory ceII DS is continuously shone to give a nuneral "1". Assune that the

message word that the paging receiver has_received nost recently is.
"0123456789", this nu¥RPRchiiene¥eagbiea 95 Stapsplidyedhgsosciddptared is

‘Fig. 8 and a-nuneral] "1" is continuousl in the DS position
i ndi cati ng tha‘?n?ﬁi?%zﬁ%s%%’é%u'ag ‘PHEPH’Bsg"Fg éﬁﬁl yor geBPYBESdAPa2dRT Lt hat

i spl ay unti | THER bSO RRET o *azérzlé‘%aslé’ s?aél 26545957 eBEp i FRud 10
at Step 124, W olpSh oxBS FEFEALE o 2P EL RN B ST 128 88T U1
receiver id regli Nesehd O £ eORl VEodde @@ﬂepéﬂéﬁgdsiﬂn% 35e qual to okf the
recei ved nessage Is of a 3-word or 4-word -12- Iength the Step 125 is
executed. |f thed@sel seth ™SSAYE if not, goes to Step 122, and if so,
| goes to Step 125. _ | .
Thus, if the received message is of l-word or 2-word\“)
- ' Iength, the program execution exits to the Step 122. At
10 Step 122, the message wofds_in MDATAx_are addressed by MAbl
and disélayed oh.the poreion DDATA and the memory cell DS
.is continuously shone to give a numeral "1". Assume that
the meesage word that the paging receiver has received most
recently is "0123456789", this numerical message is
15 displayed as illustrated in Fig. 8 and a numeral "1" is
contiﬁuously’shone in the DS position indicating that this
message is the ﬁost recently received data and that its {_j
word length is 10 digits or less. The 10-digit message is
.put on display until the reset key 9 is depressed. A Step
| 20 123 is provided to detect when the reset key 9 is
operated and the sound alarm is turned off at Step 124.
The program execution now returns to the.Step.loz to set.
the receiver in readiness to receive the next paging

signal.

. 25 If the received message is of a 3-word or 4-word



‘has a 4-word length, the Step 125 invol ves addressing the first 10-digit
part of the nessage in MD)ATAX by the MAD2 address code and generating a
display of the first 10-digit 5 part on the portion DDATA and fl ashing
the DS position with a nunmeral "1". The flashed nuneral "1" indicates,that

t he nessage being displayed is the nost recently received one and t-it
conprises the first 10-digit part of a nore than 2-word | ength ne e and
a follow ng nessage word 10 will appear h2xt.  The first 10-digiT data is
put on display until the operation of the reset key 9 is detected at Step
126 and the sound alarmis turned off at Step 127. A Step 128 is.then
executed by addressing the _second_ 10- dlg art of the nessage in MDATAx by
the MADL addredgngth, 5he §GFPlﬁéslfsoﬁ ary ng |ﬁftﬁEep6FF?bﬁe@Imﬁ¥§%ﬁﬂ

t | | ht h o
cont | nugus | naPedt Pod-¥peay FoRR.ep BEoPEoR L2, A 8rSTRES addrges Lhp pe
di spl ayed i t dy,
wor s 1511 ow - ASEY BYRULEE.’ pREL 9?5‘3% heHZade” £h byt b End HuliBF0a0¢
i nt | of typi - | —
oset key o |Bg8RLsY Hodl 3599 ?ﬁgﬂﬁwfﬁﬁir%ﬁf&?ﬁ%A?ESF%&%%%’% oy dlait
exti ngui shgd \@aatt ba tﬁét baetieﬂ DPATPAcind 081848 TRG SENE| DS e¥eE 1 Bon SHERS

130, 131 and 2. 25 The program execution returns to the Step 102 to put
t he -13- reaenumerab refdi nesé fbashedephmeradbf"lheindiktates that the
| message being displayed is the most recently received one
and that it comprises the first 10-digit part of a more
than 2-word length message and a following hgssage.wqrd
10 will appear next. The first 10-digit data is put- on
display until the operation of the reset key 9 is detected
at Step 126 and the sound alarm is turned off at Step 127.
A Step 128 is then executed by addressing the second
10-digit part of the message in MDATAx by the MADl address.
15 and putting it on display in the portion DDATA and
continuously 1ighting up the memory cell DS with a symbol
\_/ ' “-“.: The conﬁinuous indication of symbol "-" fepresents
that the message being displayed is a continuation from the
previous 10-digit word and no message words follow. A
20 display timer is started at Step 129 by setting an interval
of typically 8 secondé. When the 8-second interval expires
or reset key 9 is depressed within that interval, the
displayed data are extinguished when the instruction

decoder 403 successively executes Steps 130, 131 and 132.

25 The program execution returns to the Step 102 to put the
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tnformatiani s detected at Step 205, Step 206 is executed by

he presence of a binary "1" or "0" in Msx. |f "Q' is de%ected
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standby period in which no audible nor visual indication is
given. Step 202 is executed by updating the reset counter
RC and word counter we both with a'binary "1". A displa&
tlmer is started by setting an 8-second interval at Step
203. The count value in RC is transferred to the "y"
register of the lnstructlon decoder 403 at Step 204. If
the binary state of MFx addressed Sy MADy is not binary "1"
at Step 205 signifying that no message word'is stored in
any meﬁory area Mx, the program execution goes to a Step
219 to put the receiver again in a'stasdby condition. If a
binary 1 is detected at Step 205, Step 206 is executed by
determining the presence of a binary "1" or "0; in Msx. If
"0" is detected in MSx at Step 206, the program execution
proceeds to a Step 214 to address a 10-digit message word
in MDATAxX using the address memqry'MADy and displays it on

a continuous mode on memory cells DDATA and a numeral

' correspohding to a bit stored in message counter MC. If .

25

"1 is detected in MSx at Step 206 signifying that a more

than 2-word length message has been stored, the first

W,



Y
P

functiron of an address MADy+l and di spl ayed on the nenory cells DDATA and

the count value in MCis displayed on a flash node on the nenory cel | DS at
Step 207. 5 The result of the execution at Step 207 conts S

until the end of the tinmer action is detected at Step 208 or the ation
of the'reset key is detected at Step 209 while the tiner action is. il in
progress. The reset counter RCis increnented by one at Step 210, and the
timer 10 is reinitiated at Step 211 andjghe Y register is updated. with
the just increnmented RC value at Step 212. The program executi on now
advances to a Step 213 to address the second 10-digit part of the nessage

I n MDATAX in response to an address nenory MADy-|l to display it on the
menory 15  c@PrdipDATpambdofhihesstospdbmessage @8 hHdraesedyasek! DS on-a
conti nuous node. The Steps 213 and 214 are followed by a Step 215 in which
it is detecteé“ﬁﬁ§ﬂﬁér°fhé"tﬁﬁéreaétMbﬂYﬁ&saedpdlenlayedoon theemgnoeyl, the

di splayyg is ex#gnQU|shed at Step 219 and the programreturns to the
Step 201. |f“BhisSr BDATALApd; Ehﬁeﬁ?EQEeﬂaHB¢|h© MEeclipefisplayedhenta ner

action, the p ecutl oes t hr ou Step 216 to a Step 217 to
i ncr ement theéigggtmeéﬁn?ﬁr %ﬁﬁ°ﬁ¥s§g 13 B%uﬂ?eﬁtREI%Q ene. Since the

Bl ng Standby peri ofBe FRatle ShE" VR LRekudfon {E°5RS5TAE (EhELnign Lot Cl

until the resghtkPYtRe nd of the timer action is detected at Step 208

Y or the operatioﬁ of the re;et key is detected at Step 209
while the timer action is still in progress. The reset
counter RC is incremented by one at Step 210, and the timer

10 is reinitiated at Step 211 and the Y register is updated.
with the just incremented RC value at Step 212. The
program execution now advances to a Step 213 to address the
second 10-digit part of thg message in'MDATAx.in response
to an address memory MADy-l to display it on the memory

15 cells DDATA and shines a symbol "-" on the memory cell DS
on a continuous mode.

o/ : The Steps 213 and 214 are followed by a Step 215 in
which it is detected whether the timer action has expired
or not. If expired, the'display 8 is extinguished at Step

20 219 and the program returns to the Step 201. If the reset
key is depressed during the period of the timer action, the
program executin goes through Step 216 to a Step 217 to
.increment the reset counter RC and message counter MC by

one. Since the paging receiver is capable of storing four

25 messages in M to M, during standby periods, the Steps 203
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operated four times. Step 218 is provided for this purpose.” Therefore,
upon operation of the reset key 9 at Step 216, the next recent hessage is
put on digplay with 5 the nenory cell' DS bei ng shone with a nuneral "2"*
704\ and so on, so that the ol dest nessage is displayed with the DS
shone with a nuneral "4". For exanple, if the next recent

s a 4-word |l ength code "00112233445566778899", the first 10-digit
part appears 10 with nunmeral "2" on mel®ry cell DS as shown in-Fig. 9a at
Step 207 and the second 10-digit part appears with synbol "-" shone '
continuously at Step 213. While nention is made of an exanple in which a

nessage is. co ed o 0 20 digits h ssage 15, .conprise with
up to 20 digF?ggg? ﬂﬁ?é;ggF%? E&%ﬁ%?%@ gpgbfdeg?tr%ﬁgggésyn%ylﬁe put on

di splay so t t [ 0- dé g | spl ay ; r Il is
flashed to i%ﬁ%ﬁ%ﬁ%dtﬁgu%UE é?&bo?%gé_p%%?nggt8£€E§E§%P?€ge¥2£§ond 16-di gi t
display, thepgypded, "-théfefbis)otbd® obPpetseisn 20f thoatesee H8§3§9§Eﬁe'n9
di splayed is a continuation fromthe previous 10-digit and that the next

S 10-digit wilsteppzps, tive dévet | Pededd-mbgsigdli 5o pyt tde aYSPDAy 'withs |it
continuously to indicate the absence of no further nessage to be displ ayed.
25 - 516 -tHa Addibry cell DS being shone with a numeral "2" at Step

207, .and so on, so that the oldest message is displayed
with the DS memory cell shone with a numeral "4". For J
example, if the next recent message.is a 4-word length code
"00112233445566778899", the first 10-digit part appears
10 with numeral "2" on memory cell DS as shown in-Fig. 9a at
Step 207 and.the second 10-digit part appears with symbol
n_n shoné continuously at Step 213.
While mention is made of an example in which a
message is composed of ﬁp to 20 digits, the message may
15 cohprise with up to 20 digits or more. For example, a
30-digit message may be put on display so that for the
first 10-digit display the DS memory cell is flashed to -/
indicate the number corresponding to MC. For the second.
10-digit display, the symbol "-" is flashed to indicate
20 that the message being displayed is a continuation from the
previous .10~-digit and that the next 10-digit will appear.
For the last 10-digit display the symbol "-" is lit
continﬁously to indicate the absence of no furtﬁer message
to be displayed. |
25



*1T A radio pagi ng receiver adapted to receive a radio-frequency paging
signal bearing a subscriber's 5 address word and a message conprising at

| east one nessage word of a predetern1ned nunber of bits, conpr|5|ng

“di spl ay means having a first menory cell and an array of second men
cells.; a nenory having a plurality of storage cells for 10 st or | he
message words therein; a manually operated reset key; and data pro I ng

means for detecting a match between the recggved address word and a

subscri ber's address word, sequentially storing one or nore of the received
message 15 words into said storage cells in response to the detection of
a match between sai d address words, generating a nuneral indicating the
degree of freshness of the received nessage, detecting whether the total of
the bits in the received nessage is greatgr Qs smaller t han t he nunber of

said 20, ~second nenory cells, generating In response to the operation of
cell and a.

d t k di spl d | f t .
Zfilspl ;%f aegtﬁf eijsp a%%ﬂﬁ%@é@?ﬁ’g@%’gaﬁgﬁﬁfﬁn&” 1¥%®rrating an
di cat f th dtob b tly 2 )
i spl ayed i s AARE S e RAT LN S T ARG (2 TRFCE 189255 oo ond
memory cel lgs, %%&?Wtéﬂd R c?onﬂ*lﬁpéf%’g Yt 3 VIV UL e Sye

first nenDry c | cati ng
word of a predetermined number of bits, comprlsingz

display means having a first memory cell andlan
array of seéond memory cells ;
a memory having a plurality of storage cells for
10 storing the message words therein;
a manually operated reget key; and _
data processing means for détecting a match between
the received address word and a subscribgr‘s address word,
seqguentially storing one or moré of the received message
15  words into said storage cells in response to the detection
| of a match between said address words, generating a numeral
W, indicating the degree of freshness of the received message,
detecting whether the total of the bits in the received
message is greater or smaller than the number of said
. 20 second memofy cells, generating in response to .the
operation of said reset key_a display.of said numeral on
said first memory cell and a display of a stored message
word on said second memory éells, generating an indication
of the presence of a message word to be subsequently

25  displayed if said total is greater than the number of said

* c L L S *
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that the message word being displayed is a continuation fromthe previously’
di spl ayed nessage word if said total 5 is greater.than said nunber of
second nenory cells. 2. ‘A radio paging receiver as clainmed in claim1;
wher eig~gai d indication is given by flashing said first nmenory cell. 3,

A radﬁ%%?aging receiver as claimed in claim1l or 2, further conprising a
pluraNfdy of second storage cells, whergiRp,said data processing neans
stores address words into said second storage cells, the stored address

wor ds respectively representing the addresses of the message words stored
in the first-nmentioned storage cells, wherein said data processing neans
further shiftgetbfdshenedyaddLess anadsubsequenelyt geageatehly &0 anot her in
rotation in response to the detection of said match so that the address
word stored iﬂlappaydefeanbnmUOmnenobaiaiaire¢omémsrwragélcéhﬂgceGdnesponds
to the newest of the sequentially received nessage words and reads t
message wor dstbat bhesasgSﬁgpsvogdobagegcélﬁvlﬁﬁeﬁeSEoﬁsQOPélpﬁétéﬁ Ation

of said reset key to provide a_disp Iai t he read nessage wor.ds i n
successi on. 4from t%@raaﬁﬁlﬁaﬁiﬁngée pyef 9esspgen¥aTAnLE| R4 Fotddt her

conpri sing means for atin soun d in_response to a si | applied
t her et o, eré?ng§ﬁPH a?éaﬂrﬁgégs bex °f1§eg ﬂéaﬂngEXefgggg'said si gnal
in response to the detection of

2. A radio paging receiver as claimed in claim 1, U

wherein said indication is given by flashing said first

memory cell.

3. - A radio paging'receiver'as claimed in claim 1 or 2,
further comprising a plurality of second storage cells,
ﬁherein said data processing means stores address words
" into said second storage cells, the stored address words
respectively representing the addresses of the message
words stored in the first-mentioned storage cells, wherein
said data prdcessing means further shifts the stored address
words from one stbrage cell to another in rotation in
response to the detection of said match so that the address \J
word stored in a predetermined one of said second storage
cells corresponds to the newest of the sequentially received
message words and reads the message words.out of said first
storage cells in response to the operation of said reset
key.to provide a display of the read messagé words in

succession.

4. A radio paging receiver as claimed in claim 1,
further comprising means for generating a sound in response

to a signal applied thereto, wherein said data processing

N
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*said match to generate said sound, terminates said signal to turn off said
‘sound in response to the operation of said reset key and generates a

dlsplay of said second part of 5 t he message in response to the opegalion
of "said reset key if said total iis greater than said nunber. 5. Wiine
met hod for visually indicating on a display unit a received nessage having

at | east one nessage word of a 10 predet erm ned nunber of digits preceded
by a subscriber address word, said displayjgnit having a first menory cel
and an array of second nenory cells, the nethod conprising: detecting a
match between the received address word and a subscriber's address word; 15
sequentially storing a series of said nessage words into storage cells in
response to thenedfiseddneratiess aad dratignalgdme raisippgisa tiomthel detdictabnngf
the degree of freshness of the received nmessage; 20 det ecti ng

whet her _t he .t otsdidbmatich diqgigeneinatehsaidc sionad nsesajaaitesgseddesighai t he
nunber of said second nenory cells; if said total is smaller than the '

nunber sai d 40 rﬁfrﬁ)r%?‘@elﬁ"émdgéﬁerr&tsmslen "-Peé'-b&n@?eﬁ-'ét&°ﬁaﬁ§alsald

command a 25 S|nultaneous dISp| of s p@unezg on _said first nen?
- 19 - cel | andS5teta ke efofd g¥qolec8id serord Pertsofand

5 the message in response to the operation of said reset key

- if said total is greater than said number.

5. A method for visually indicating on a display unit a
received mesSage having at least one message word of a
10 predetermined number of digits préceded by a subscriber

address word, said display unit having a first memory ceil
and an array of second memory cells, the meﬁhod comprising:

detecting a match between the received address wofd
and a subscriber's address word;

15 sequentially storing a series of said message words
into storage cells in response to the detection of said

\_ - match; . |
generating a numeral indicating the degree of
freshness of the received message; _

20 detecting whether the total of the digits in the
received message is greater than the number of said second
memory cells;

if said total is smaller than the number of said
Second memory celis

» generating in response to a manual command a

25 simultangous display of said numeral on said first memory

* c L M s *
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iIf sai'd total is greater than the nunber of saikd second nenory cel
generating in response to a manual conmand a 5 | sinultaneous display of
said nuneral on said first nenory cell :and of a said stored nessage word on
nd menory cells while at the same time indicating that the nessage

said
-word g@éﬁg di splayed is a first part of the received nessage, and.
subsequently generating in response 10 to a manual conmand a si nul t aneous

di sptay of a synbol on said first nenDrY'&é I and of a next stored nessage

word on said second menory cells, said synbol indicating that the nessage

- word being displayed is a second part of the received nessage. 15 6.
A radio pagi ng.dcel ielo Ut ald Pl dde i GRsEd D5 B &1 A dgiEpnce to

t he acconpanying draw ngs. : -

cells, and s

if said total is greater than ﬁhe nﬁmber of said
second memory cells '
iei-66/, generating in response to a manual command a
5 simultaneous display of said numeral on said first memory;\
cell and of é said stored message word on said second
memory cells.while at the same time indicating that the :
message word being displayed is a first part of the \11
received message, and subsequently generating in response
10 to a ménual cbmmand a §imu;taneous display of a Symbol_on.-
said first memory cell and of a next stéred message word on
said second memory cells, said symbol indicating that the
- message word being displayed is‘a second part of the
received message.
15 ) 6. A radio paging receiver substantially as

described herein with reference to the accompanying

drawings. . NG
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