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CROSS REFERENCE TO RELATED COPENDI NG APPLI CATI ON. A rel ated, copending
application is Patent Application Attorney's Docket No. CMD0871U, filed
concurrently herew th, by Schwendenan et al., and assigned to the 10
assignee hereof, entitled "Data Conmmuni cati on Recei ver Having Variable
Lengt h Message Carry On" and Patent Appl ilcation Attorney's DoER@Q50%8.

PT00548U, filed concurrently £ Kigp @Aap and assigned to
the assignee hereof, entitle @@i s{}% %e 15 Fragnent ation
to Redistribute Traffic". BACKG?CIJI}H,QQJ zmﬁ\[larﬂ\l FIELD OF THE

| NVENTI ON: 20 - The present invention relates generally to the field of
data communi cation receivers, -and nore particularly to a data comruni cation
recei ver havbng verosis eerngNcnes'ﬂagamwm 000 PESD DESCRIIFN BM TFON HE

PRI OR ART: There are nmany data conmuni cati ons systens I n operatlon t oday
whi ch provi de nessage distribution to data conmunication receivers, such as

pagers. Many of thes® E5teiftutiorerdiag ghertifgtira b8 Jfatsmti RPHEFRERRR t i e
30 slots, or tramsarseyUts Doackers Not ocMbw &Lt hEipagdecenanreatiygned, t hereby

ltO; g‘é's‘%' ggl gnbatAh%Xw%@&Y' Wy THRGEh Q@ LO% 1 N 2A8T JBL: AU $8 fheMESSagE
10 a551gnee hereof, entitled "Data Communication Receiver

Having Variable Length Message Carry-On" and Patent
Application Attorney's Docket No. PT00548U, filed
concurrently herewith, by Kuznicki et al., and assigned to
the assignee hereof, entitled "Paging System Using Message

15 Fragmentation to Redistribute Traffic".
BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION:

20 The present invention relates generally to the field
of data communication receivers, and more particularly to a
data communication receiver having variable length message

carry-on.

25 DESCRIPTION OF THE PRIOR ART:

There are many data communications systems in.
operation today which provide message distribution to data
communication receivers, such as pagers. Many of these
system utilize signaling protocols which utilize time

30 slots, or transmission frames, to which the pagers are
assigned, thereby providing a battery saving function
during the normal course of message transmission. A paging
terminal was provided in such systems to encode the
received messages fpr tiansmission to the intended pagers

35 during the_assiéned transmission frames. In signaling
protocols such as the PéCSAG signaling protocol, each time
slotN ‘'oxr transmission frame, allowed for the transmission

. of only two code words, either both address code words, an

L



tern1na| mas provi ded in such systens to encode the received nessages for
transmssion to the intended pagers 35 during the assigned transm ssion
frames. In signaling protocols- such as the POCSAG signaling protocol, each
time slot, or transm ssion frane, allowed for the transm ssion of onIy t wo
code words, either both address code words? an 2 address and a nessage
code word, or tx@dfEssagR aodesvlyéscods noedt her ttvansesssgencede ewmdsa

si npl e tel ephong, nuhar. 1.eq ohds 850 % df“ewewmgmlr@%%aashsﬂg%mas

nuneri c nmessage %ransn133|ons requir on the average gne and one- 5 half
frames, which peeqwetiedlasy ar E‘SHPWE’G 9P MRESRAGLFPIR WOrd Sy r BREGH S addr ess
code words duripgssdfe Q&%rﬁﬂﬁ@sibﬁﬁsﬂcﬁﬁx@ﬂ bhatles ,avizeagesent hend one-

Lransmi ssi on frggﬁvsgﬁgrg,{g, 4 JESSa0C. G40°. 0L, A3308ha! S ft,addr ess

code words ttan pre rous transm Ssi on
above probl em was wfdmsnidt eddrgssonedsivprdsi Agrirdttdeorsshgredicr easi ng t he

nunber of code WL Qsn U G Cf%ﬁn@sb%ééa{b%ﬂthbedraﬁbnﬁ%élbhalﬂﬁaméSwam frane.
However, when the nupber of fransni.tt abl sel ct ed f t he

e word
transmi ssion frakbsed s‘ti’cﬁ‘etsls&ﬁ§n1°8§?o‘?’f”f£ar?§§°8f?té%‘f hhgv Y0 be 1illed
with idle code words whamndrntiedsihf the qrtevionbetruismipsiageframge been

recei ved fofq t1ansm g5l Ol IA0HIRN RS tdidhabcbaans Il @aghaamy Such
si gnal i ng protocols were a limted in the nunb J 3
protocols by 1ncrea81ng the number o e wor s which

could be transmitted in any transmission frame. However,
when the number of transmittable code words is selected for
the transmission frames, such transmission frames often -

15 have to be filled with idle code words when an insufficient
humber of messages have been received-for transmission
during anj'particular transmission frame. Such signaling
protocols were also limited in the number of data
communication receivers, or pagers, which could be

20 assigned, or operated on any given channel, before the
channel reached its maximum capacity. By increasing the
transmission speed, additional pagers could be added to the
system, however at the expense of a significant amount of
unused channel capacity, until the system again filled up.

25 There is a need to be able to provide a flexible system
which enables reconfiguring the amount of information which
can be fransmitted on the channel within the available
transmission frames in order to maximize message throughput
on the channel.

30 _

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention,
a data communication terminal for tfansmitting messages to a
35 data communication receiver comprises a receiver for
receiving messages directed to the data communication
receiver, a device.for assigning the received messages into

at least one of a plurality of transmission frames
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communi cation receivers, or pagers, which could be 20 assigned, or
operated on any given channel, before the channel reached its maxi num
capacity. By increasing the transm ssion speed, additional pagers could be
added to the system however at the expense of a significant anmount of
unused channel capacity, until the systemadain filled up. 25 There is a

need to be abl e dorrpepyhdena dd exidthashyss osn Wil aBabyrsa I’Tﬁﬁ&lﬁf—:l gaitang

t he anpbunt of i nf QU rratl Oglm'rcece(i%er %ot ransm tted on the cha wi t hin

the avail abl e transm sSyon framss 1 n order 1o Max F'ﬁesga?ressage lfﬁ}:orﬁ% OLH
on the channel . 30 SUMNARY e HEiNGENTEECRRIes andoidantbiyingn t@ﬁesa@?)ect

of the present i\A@Ntr@AsmPsSRER FFAMBULES finfht! AnForRht{o, & desHEe] i ng
nmessages to g 35 data, conggjqal cation recejver_conprises a receiver
S ea t

recei ving medsad@SPaPPLLe S FE2gEPES e bt Fﬁﬁl‘ﬁ‘é‘ﬁ%‘?‘ixéf‘f°5m8£b?‘&'
for assigning tH®r geepvedimesduyetorntonessdgas andnfonf qeeysimgaltheysafe

transnission fraggg a éaﬁ&ﬁf&%%?ﬁ%gﬂet BufedF %%éshoﬁrédéé?rrﬁﬁéa%ﬁ‘&é 0
t he data conmuni cati Qn receiver for_ recei VI‘?‘FS‘ nessages, first for

storing the recéia\P(?&lHSS%g‘E%m&r?d’ i 8§n’t“?ﬂﬁ %é’rhgaﬁsawwwgn ﬁf“ﬁ%l on
forame assi gnmentbufifeer qatiencapadeyi, Cand Sexmsqeds itvensni sdiod fansei bef Her

;ﬁ“ane aSSiQEBE”HFEHQPEQBAéf%&eS for one or more subsequent transmission
s frames. The monitor also determines when the messages stored
within the transmission frame buffer exceed the predetermined
transmission frame queue capacity, and when the expected
transmission frame buffer queue capacities for the one or
15 more subsequent transmission frames do not exceed the
predetermined transmission frame queue capacity. A
designating device, responsive to the monitor, designates one
or more subsequent transmission frames having excess
transmission frame buffer queue capacity for message
20 transmission, and generates designating information
corresponding thereto. A transmitter transmits the messages
and designating information within the assigned transmission '
frame, and transmits the excess messages within the one or
more subsequent transmission frames designated by the
25 designating information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an electrical block diagram of a data
30 transmission system in accordance with the preferred
embodiment of the present invention.
FIG. 2 is an electrical block diagram of a terminal
for processing and transmitting message information in
. accordance with the preferred embodiment of the present
35 invention. | '
FIGS. 3-5 are timing diagrams illustrating the

transmission format of the signaling protocol utilized in
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for recovering the stored nessages and for queueing the same into a
transm ssion frame buffer having a predeterm ned queue capacity, a nonitor
for nonitoring the transm ssion franme buffer queue capacity, and expected
transm ssion frame buffer 10 . queue capacities for one or nore subsequent
transm ssion frames. The nonitor al so dete¥m nes when the nessages stored
W.thin the trang@-sshahct raien R greeXpred dntodRREAL &F MBHE G rlekaREM SSi 0N
frame queue capaci and when the expected transm ssion frane buffer queue
capacities for Pﬁﬁeéﬁé°8r 15 nore subsequent transm ssion franmes do not
exceed t he predet er mnaed.t 6 asmsdn 5 siren tinange dugramsapatusyratingeshgnat i ng
device, responsigg heohnga P tlgnad8S LA A% Q€ a8Eo :gcélm%quﬁat

transm ssion _frames having excess transmssion frane buf ueue capacity
for message 20 PFF§ﬁ§ﬁF§s?@PPd¥ﬂﬁ?tgeﬁeFH?é§*ﬁ§§¢gh§¥??ﬁﬂ??ﬁ(M’wat|on
correspondi ng theret @#IGA 8raasdn tdlectiriaasblcck [déapramagbsa autadesi gnati ng

Jdnformation wt 'Ho%{nhﬁﬁcgﬁfég'}ee%eﬁ%gs%sééé &Jan%rere 1 84 id ' %?e&he

excess nessages w nore su uent ransn1s ranes
desi gnat ed' by tl?é‘bgélméélél‘gﬁa‘%h%g’rﬁﬁﬁétrrhlﬂ‘r%ﬁl%l?l EF DESCRI PTI ON OF THE

DRAWNGS FIG 1 is amel egtiscaA éflle@etkédaagmgml@fdlageamaoﬁoa Hr@BH6lasi on
systemin a referr odi present
i nventi on. &ﬁ qf s gﬁ 5 {ﬁ éﬁfcﬁﬁg %ggﬁﬁbfga Fge %%#%n?%a upgpation

processi ng and pﬁﬁﬁ%ﬁﬁtt?ﬁgﬁﬁéséhge i nformation in accordance with the
preferred enmbodi nent gt .t he P& esPRl1edRritaYidANdiagram of a 4-level
decoder utilized in the data communication receiver of FIG.

8.
15 FIG. 11 is an electrical block diagram of a symbol

synchronizer utilized in the data communication receiver of
FIG. 8.

FIG. 12 is an electrical block diagram of a 4-level to
binary converter utilized in the data communication

20 receiver of FIG. 8.

FIG. 13 is an electrical block diagram of a
synchronization correlator utilized in the data
communication receiver of FIG. 8.

FIG. 14 is an electrical block diagram of a phase

25 timing generator utilized in the data communication
receiver of FIG. 8.

FIG. 15 is a flow chart illustrating the
synchronization correlation sequence in accordance' with the
preferred embodiment of the present invention.

30 FIG. 16 is a timing diagram illustrating the
organization of the transmission frame utilized in
accordance with the preferred embodiment of the present
invention.

FIG. 17 is a timing diagram illustrating the

35 construction of a control word utilized in accordance with

the preferred embodiment of the present invention.



FIGS. 3-5 are timng diagrans illustrating the transm ssion format of the

signaling protocol utilized in 4 accordance with the preferred

enbodi nent of the present invention. FIGS. 6 and 7 are timng diagramns

illustrating the synchronization signals utilized in accordance with the 5

preferred enbodi nrent of the present inventidn. FIG 8 is an electrica

bl ock di agram of a datag.cosmuiLaldmeRty’ REST VEIudttatS agl HessLyNdahriRén

preferred enbodi nent _.of the present invention. FIG 9.is an ele tr%CﬁA

bl ock. di agr am ofi S PAPEsHoI 3 R CPETeI B ( FIf EES T EF P FISTNT e a5 | S he

dat a communi cat ipgesesteiweentgiforkl| G 8. FIG 10 is an-electrical block

di agram of a 4-1evel gdgcoder; yitd,] iAgdeirRchPepiilid GagRHRI SAld Frakecei ver of

FIG 8. 15 FIG 11 is an electrical bl ock gi agran} of a synbol

synchr oni zer Sut FPFPBRERT ¢HeL iRt 180 hhanF SR PécERbor2of FIG 8. FIG 12

Is an el ectrical bl o®kcdi agoa2r dfs andelleveridail hloakydtagwamter utilized in

the data comuni;gayeeRaPing (ERCIfRralioh! &t fhe Bafn ddndenihegloct rical
Lion at or the data

bl ock di agram of__a synchrohi za correl utilrzed in )
distributor in accordance with the preferred embodiment of

the present invention.

10 FIG. 23 is a flow chart illustrating the operation of
the frame formatter of FIG. 17.
_ FIG. 24 is a flow chart illustrating data speed
selection in accordance with the preferred embodiment of
the present invention.

15

DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 is an electrical block diagram of a data
transmission system 100, such as a paging system, in

20 accordance with the preferred embodiment of the present
invention In such a data transmission system 100, messages
originating either from a phone, as in a system providing
numeric data transmission, or from a message entry device,
such as an alphanumeric data terminal, are routed through

25 the public switched telephone network (PSTN) to a paging
terminal 102 which processes the numeric or alphanumeric
message information for transmission by one or more
transmitters 104 provided within the system. When multiple
transmitters are utilized, the transmitters 104 preferably

30 simulcast transmit the message information to data
communication receivers 106. Processing of the numeric and
alphanumeric information by the paging terminal 102, and
the protocol utilized for the transmission of the messages
is described below. '

35 FIG. 2 is an electrical block diagram of the paging
terminal 102 utilized for processing and controlling the
transmission of the message information in accordance with
the preferred embodiment of the present invention. Short
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comuni cation receiver of FIG 8. FIG 14 is an electrical block diagram of
a phase 25 timng generator utilized in the data conmunication receiver of

FIG 8 FIG 15 is a flowchart illustrating the synchronization
correl ation sequence in accordance with the preferred enbodi nent of the
present invention. 30 FIG 16 is a témng diagramillustrating the

organi zation of ﬂé&%a%&@nsghéﬁ'w RIS nlll Jahé%ﬁmléh@cﬁeégéélé‘é% vM«thl?a 'E:Hﬁ
preferred enbodi nent the present .inventio

P Fustrati ng ¢ ndoeadihil Sabereh Uing Bonphoh Ve thLPPRYM 191 Z0e8Aince.
with the preferred thebpdyiegt tafmind po2sthtouglyentiedaphone Sidtle@fatd is a
menory map il usfgatihng f&]ﬁﬁﬁéﬂ%&ﬁr ol §HEHR %Qt' n ESEQéP%&‘s%a‘é‘etsh the

preferred enbodi nent of present 1 nvention. IS, an el ectri cal
bl ock di agr am ofSUs¥¥ PérrélBha'F‘B??Fe?t"c GFESgeprsd z‘é’él“?fh rFﬁélf‘érW‘?ld}seonFFG 2.

FIGS. 20-22 is antel eatricaévire®crelicogpasdi td uster @hgmggthermpmlatuoan of
the data Conce”téh%%g&e%'t%&é&%ﬂ ds’lfgcgﬂ{;déf‘%':l gmbggtgf e ‘?Jno%gllart

enbodi nent of the I nven 'S a oW C
illustrating then rppanppsion protocols. When a call to place a

message is received, a controller 204 handles the

10 processing of the message. The controller 204 is
preferably a microcomputer, such as an MC68000 or
equivalent, which is manufactured by Motorola Inc., and
which runs various pre-programmed routines for controlling
such terminal operations as voice prompts to direct the

15 caller to enter the message, or the handshaking protocol to
enable reception of messages from a data entry device.
When a call is received, the controller 204 references
information stored in the subscriber database 208 to
determine how the message being received is to be

20 processed. The subscriber data base 208 includes, but is
not limited to such information as addresses assigned to
the data communication receiver, message type associated
with the address, and information related to the status of
the data communication receiver, such as active or inactive

25 for failure to pay the bill. A data entry terminal 240 is
provided which couples to the controller 204, and which is
used for such purposes as entry, updating and deleting of
information stored in the subscriber data base 208, for
monitoring system performance, and for obtaining such

30 information as billing information.

The subscriber database 208 also includes such
information aé to what transmission frame and to what
transmission phase the data communication receiver is
assigned, as will be described in further detail below.

35 The received message is stored in an active page file 210
which stores the messages in queues according to the
transmission phase assigned to the data communication

receiver. In the preferred embodiment of the present
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the frane formatter of FIG 17. FIG 24 is a flow chart illustrating data
speed selection in accordance with the preferred embodi nent of the present
i nvention. 15 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS FIG 1 is an

el ectrical block diagramof a data transm ssion system 100, such as a
paging system in 20 accordance wth the preferred embodi ment of the
present t! nvent i_jﬁ{héxi]cti&ﬁchfaﬁﬂqﬁméd ueNeSSoHE mysticded] D0, tessddes
originating either fr.om o] S..J:0._a t QY diN ' at a
transmi ssion, dr ¥t (:)frl%ﬁ'g %Qéaggi%%%ﬂﬁqgeggﬁé,F{sﬁuéc)ﬁqgsqgnggl hanlyt}?rergi c data
termnal, are rdwledomttrofi§bspsin tHasfupricrandant REFeEE| B & network
(PSTN) to a pagiighdu@hmifalilD2evhipprepiacessesat behettmeandomracaileghanuneri c

nmessage infqrmation far transm ssian ng. retr L& .81 3 '
provi ded wi thi i THEsyst, éﬁlesvmse‘ﬁ&’rruﬁst ?‘éﬂ’g ?%gﬁsin%}t‘%esr'sagﬁre% %t‘lﬁ{llizl%gé t he
transmtters 10ds predflor aBeyiedicallwitdes mesrage infoaRaties sHFrschisr nat i on

to data comuni gati Jt keechisEs diuedieCResbVEr&f firbe BHERddCiv@NBage
al phanumeric information hy the Pac%;%%et ermn 1 and t he. nr ot ocol
PEEFENCOT

utilized for the}§ £im senyEelier #94: "P5RE BT, 35
FIG 2 is an el isforineadioll eokh caagramidgiedt by paxgalg timenthe¢k 1A ueKl i zed
for processiyig gk, Conlkabl Lngihligy IR, SShAD Modvabeleasans;d nf or mat i on
gﬂoﬁfcordance m&nfogigifggefﬁggeeagiﬂgigsZthegé {£K24¥E%§eg§ %£2ﬁ2“ﬂu%gér
' and is then organized by address, message information, and
any other information required for transmission, and then
batched into frames based upon message size by frame
15 batching controller 212. The batched frame information for
each phase queue is coupled to frame message buffers 216
which temporarily store the batched frame information until
a time for further processing and transmission. Frames are
batched.in numeric sequence, so that while a current frame
20 is being transmitted, the next frame to be transmitted is
in the frame message buffer 216, and the next frame
thereafter is being retrieved and batched. At the
appropriate time, the batched frame information stored in
the frame message buffer 216 is transferred to the frame
25 encoder 218, again maintaining the phase queue
relationship. The frame encoder 218 encodes the address
and message information into address and message code words
required for transmission, as will be described below. The
encoded address and message code words are ordered into
30 blocks and then coupled to a block interleaver 220 which
interleaves preferably eight code words at a time for
transmission in a manner well known in the art. The
interleaved code words from each block interleaver 220 are
then serially transferred to a phase multiplexer 221, which
35 multiplexes the message information on a bit by bit basis
into a serial data stream by transmission phase. ' The
controller 204 next enables a frame sync generator 222

which generates the synchronization code which is
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6 messages, such as tone-only and nuneric nessages which can be readily
entered using a Touch-Tone tel ephone are coupled to the paging term nal 102
t hrough a tel ephone interface 202 in a manner well known in the art. Longer
nmessages, 5 such as al phanuneric nessages which require the use of a data
entry device are coupled to the paging ternPnal 102 through a nodem 206

usi ng any of a nuEImidftedeht kKROWLaMOON LhaRSHi e AFapEniocds. ‘then a

call to place a essage.is.rteceived,. a cqontroller 2 handl es t 10
I R e
m croconput er, stRssage dnfRosatben omndeguithgl eprtradhiath coatrehlgndOdr 8 by
Mot ?r 0: i’i I nc., ﬂé\flrm @'&ltéuaﬁli{féim,phﬁdpgeﬂéﬁdﬂ&? th?h*&gﬁ&ﬁ E{Qrgeﬁsagg
controlling such termnal. operations _as voicC 0 o direc

caller to entsser T'ﬁ'éear’i‘b?il‘&ﬁg‘, 1%&%%‘?’%?%58@%&5%‘{% k&Ps?bs%’rﬁafbl e%he
recepti on of nessesregd stmeamdis anaextt cpugdedcte alisranamittér i conrtpodilerd,

the controller 204 r qhifcBNaRSet Y QB 1SHET EShib1URE SHRSLEd N1 cdat abase
208 to determ ne how the nessage being received Is to _be 2 rocessed.

ed I 0
The subscriber d5t% TSSEISOBEFTRI RIEE, apFEsHELRE A GheaRet 2 <ich The
i nformati on as adiistasidesiasschmatel @2shamagtaba a@pyafiaC atunber ref eieldr ,

message typg ASSQELA! o S But 6n 2GRS t9§9s | nfQural! Q9rL e Aled JLogkhe

status of tRe data comunication recelver, such as active or Tndctive 25
for failure to paf migroyare, distyhution chapeehi i a25gtpilite

distribution link. The distributed message stream is
transferred to one or more transmitter stations 104,
depending upon the size of the communication system. The

15 message stream is first transferred into a-dual port buffer
230 which temporarily stores the message stream prior to
transmission. At an appropriate time determined by timing
and control circuit 232, the message stream is recovered
from the dual port buffer 230 and coupled to the input of

20 preferably a 4-level FSK modulator 234. The modulated
message stream is then coupled to the transmitter 236 for
transmission via antenna 238.

FIGS. 3, 4 and 5 are timing diagrams illustrating the

transmission format of the signaling protocol utilized in

25 accordance with the preferred embodiment of the present
invention. As shown in FIG. 3, the signaling protocol
enables message transmission to data communication
receivers, such as pagers, assigned to one or more of 128
frames which are labeled frame 0 through frame 127. It

30 then will be appreciated that the actual number of frames
provided within the signaling protocol can be greater or
less than described above. The greater the number of
frames utilized, the greater the battery life that may be
provided to the data communication receivers operating

35 within the system. The fewer the number of frames
utilized, the more often messages can be gqueued and

delivered to the data communication receivers assigned to
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provi ded which couples to the controller 204, and which is used for such
pur poses as entry, updating and deleting of information stored in the
subscri ber data base 208, for nonitoring system perfornmance, and for
obtaining such 30 information as billing information. The subscri ber

dat abase 208 al so i ncludes such informatior® as to what transmission frane
and to what trarsg pair@dcpl@s efddi, d@har€pympadueahy0thé enaiateyy, i sragshgned,

as wll be desc&%@ﬁQrEﬁ L&r%QE%ng&%gLﬁgg%omn 35 The received nessage is
iTe | S

stored in an active page ] C ores the nmessages in queues
according to the tradsnsbevenipiide 4ssthnefiranes: kempaise comuni cati on

recei ver. In theyReakehisst £sbuddenbyRé) tHL1RRAEP e ferablyn¥gNkileden f OUr

phase queues_are _provided in the .active page file 210, .The iV age file
0T Tor of of ab RS RA T BETIESY APEPIRRERTT SPitshy aFanta ek B1e oot y.
al t hough it wil lthyeugppbethtEy t Ast showerin Figonbaceash Wanknefy devi ces,

such as hard di sfesdbiy¥esnfE&ARh iR tbhbZEse Ao urabPRr A€ AldarebBe Message
information stored in_each of the phas& queues i s ecqﬁgied fr§n1 he active
page 116 210 WEETBAPF It CE PEFREIER AZPndabrIfhgamk & FAFPeM such

as provided by aordall foreeatloghazed, Condéjuenitiy; sach aitlese imi pgfsaue ce.
The recovergg M33aee tALOLARIMLSALAM LA RNRIGnEYCLELS Sked, by frame

nunber
control and data code words. The address, control and data

code words are preferably 31,21 BCH code words with an
added thirty-second even parity bit which provides an extra
bit of distance to the code word set. It will be

15 appreciated that other code words, such as a 23,12 Golay
code word could be utilized as well. Unlike the well known
POCSAG signaling protocol which provides address and data
code words which utilize the first code word bit to define
the code word type, as either address or data, no such

20 distinction is provided for the address and data code words
in the signaling protocol utilized with the preferred
embodiment of the present invention. Rather, address and
data code words are defined by their position within the
individual frames.

25 FIGS. 6 and 7 are timing diagrams illustrating the
synchronization code utilized in accordance with the
preferred embodiment of the present invention. 1In
particular, as shown in FIG. 6, the synchronization code
comprises preferably three parts, a. first synchronization

30 code (sync 1), a frame information code word (frame info)
and a second synchronization code (sync 2). -As shown in
FIG. 7, the first synchronization code comprises first and
third portions, labeled bit sync 1 and BS1l, which are
alternating 1,0 bit patterns which brovides bit

35 synchronization, and second and fourth portions, labeled
"A" and its complement "A bar", which provide frame
synchronization. The second and fourth portions are
preferably single 32,21 BCH code words which are predefined
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and is then organi zed by address, nessage information, and any ot her

I nformation required for transm ssion, and then batched into franmes based
upon nessage size by frame 15 batching controller 212. The batched frane
i nformati on for each phase queue is coupled to frame nessage buffers 216
which tenporarily store the batched frame itff ormation until a time for
further processitegpandide anbgh swiden woFdapesrelativat chédabil iynernd

sequence, sO thafhiWhi hfeds £45 il foaiRa2fatéd St idddat H8ASHIdd @&, whien next
frane to be transmtted is in the frane nessagetggéger 216, .and e next

t
frame thereaf t ePSIEeFEPAPRRLIFIRAIFSaATEDEFR t hetqp Pﬁ?@wti ne,
t he batched frarefiinker théi dates thdrtedaitest Wil e needaie dmfjfvaect2d6 1S

transferred to f 5 again nmaintaining the phase queue
% %H%. Eﬁgesg n%§§ﬁ§¥§%t%£§éé

rel ati onship. The franme ento encodes the address and nessage

I nformati on into address and nessage code words required for transm ssion,

as will be described bel ogitTRetencoded miunegdseand nessage code words are

ordered into 30 bl ocks aQEPBhEn coupl edmton lgllog i nterleaver 220 which
g a me

. . a X . . .
interl eaves preferably ei codle wor ds a or transmssion in a

manner well known in the 32f0 WP inter|khvand d&3dbatviords from each bl ock
interl eaver 13820 are then gabbabpy transfeirfad @ Baphase nultipl exer 221,

which 35 multiplexes the rrﬁis(ia?e i nfor iio bit by bit basis into a
serial data stream by trahSHmi %% ’oxhe‘ghasg ﬁﬂl;"i %gng?’dl | er 204 next enables a
frame sync generator 222 which generates the synchronization code which is
As shown in the table above, three data bit rates are
predefined for address and message transmission, although
15 it will be appreciated that more or less data bit rates can
be predefined as well, depending upon the system
requirements. A fourth "A" value is also predefined for
futﬁre use.
The frame information code word is preferably a single
20 32,21 BCH code word which includes within the data portion
a predetermined number of bits reserved to identify the
frame number, such as 7 bits encoded to define frame number
0 to frame number 127.
The structure of the second synchronization code is
25 preferably similar to that of the first synchronization
code described above. However, unlike the first
synchronization code which is preferably transmitted at a
fixed data symbol rate, such as 1600 bps (bits per second),
the second synchronization code is transmitted at the data
30 symbol rate at which the address and messages are to be
transmitted in any given frame. Conseéuently, the second
synchronization code allows the data communication receiver
to obtain "fine" bit and frame synchronization at the frame
transmission data bit rate.
35 In summary the signaling protocol utilized with the
preferred embodiment of the present invention comprises 128
frames which include a predetermined synchronization code

followed by eleven data blocks which comprise eight
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8 transmtted at the start of each frame transm ssion. The synchronization
code is nultiplexed with address and nessage i nformation under the control
of controller 204 by serial data splicer 224, and generates therefrom a
nmessage 5 streamwhich is properly formatted for transm ssion. The
nmessage streamis next coupled to a transiltter controller 226, which under

the control of coRttal!goneféh td2ReEkh eté&iéﬂiaﬁme pELT PRAROV € ITha
di stribution channel 528 The distribufion

f
nunber of wel | %%BWHZGR‘P%‘H{% &R Sﬁné ‘E éfa%ughogs&\?\n ?dg)éfi?nea an

RF or mi cr owavermirsinisblibhonatcharane inenres sagrsmnomewtswitmtﬁ%dﬁilﬂk. The -

di stributed mesgage gi%gggghléé éfvéif%&E dtﬂ@ Q& WodeDL8ris aiHishl €ted
stations 104, depen upon e silze o t he conmuni cati on system The 15

message stréama}“s Ghiey §?rﬂPaﬁs‘F@’}$é‘&S|SﬁPB Zatkfal port buffer 230 which
tenporarily stores time. rrBssagenséIeaﬂmlmaELOblboktd:aan_mmeslfohheﬁdam

appropriate Ui ng det eLuLoed DY-diylid oandl, co0tlartel Gith 2R2 pidiezsRaSagE

streamis recoveredmflrom port buffer and coupl ed tq the_ input
of 20 pref er ablsmhpddneatepf FEre rﬁﬁﬁﬁ%#nzsiitl%e Fo¢uhse el ?1%5%*1595% fr eam
i s then coupl edc&&ddl%att&aﬂSﬁéééﬁfeﬁa@sf 0k 4! ShStHcaTie@NsYba wintcetnia 238.

gl‘ G'?he35| gﬂg?ln?réra 3 9:3I nﬁ?f ’f?%étuer%sﬁsilggztﬁéord{ﬁce W @%aﬁg}%@e tgg(rjnnt
enbodi ment of téwclpreeseanufactured by Motorola, Inc. The m1crocomputer
controller, hereinafter call the controller 816, receives
and processes inputs from a number of peripheral circuits,
as shown in FIG. 8, and controls the operation and
15 interaction of the peripheral circuits using software
subroutines. The use of a microcomputer controller for
processing and control functions is well known to one of
ordinary skill in the art.
The data communication receiver 106 is capable of
20 receiving address, control and message information,
hereafter called "data"™ which is modulated using preferably
2-level and 4-level frequency modulation techniques. The
transmitted data is intercepted by an antenna 802 which
couples to the input of a receiver section 804. Receiver
25 section 804 processes the received data in a manner well
known in the art, providing at the output an analog 4-level
recovered data signal, hereafter called a recovered data
signal. The recovered data signal is coupled to one input
of a threshold level extraction circuit 808, and to an
30 input of a 4-level decoder 810. The threshold level
extraction circuit 808 is best understood by referring to
FIG. 9, and as shown comprises two clocked level detector
circuits 902, 904 which have as inputs the recovered data
signal. Level detector 902 detects the peak signal
35 amplitude value and provides a high peak threshold signal
which is proportional to the detected peak signal amplitude
value, while level detector 904 detects the valley signal

amplitude value and provides a valley threshold signal



I nvention. As shown in FIG 3, the signaling protocol enables nessage
transm ssion to data conmuni cation receivers, such as pagers, assigned to
one or nore of 128 frames which are | abeled frane O through frane 127. It
30 then will be appreciated that the actual nunber of. frames provided
within the signaling protocol can be greate¥? or | ess than described above.
TEe gr eat gr t he vﬂthd[ﬂ]ﬁl’lsobﬁfabgﬁfﬁoﬁll Itz @the E68CeiRBivAN1lbhesDatdlery life
that may be provj t he.dat a_cqonmmuni catio ceiwers, ti 3°

wi thin the system %'I]ﬁ" e\‘/(/%%L h%f n%‘r?bgr co?'efrgrr(%ag:autﬂlgnzed el%%re of ten
messages can be %‘afé@raﬁmdeﬁp‘bemematlowﬁeuﬁat@%mhﬁéa’w dreumd@aileer s

assigned to % ANYediaitbhrsUbas, f§]§9’fe1re7598&€i?\ye dU@h@Qogp@siﬁi GeEN s t8F

2 Synchroni 78t § O PHRALEs JHE) T IRARES: Sher Bt Ty eEpels P e e aneE
nmessage i nf or mat (B whingh theeldebehmedholldc kubptthrdigglalbkBek, 10. As shown in

FIG 5. each bl ol f-di8e339¢ +Rd Qgpyiea E—QQPééo%?Ste%%éiébdd’s Li9ght are
address, control or data_cQde words which are | abeled word O hrough word 7

for each phase. THiRs&RERELytoe %‘H“’ﬁ’r?ésse#nrﬁsl‘sr% f@s'aﬂ%‘v\s t he
transm ssi on of pgspexrtdivgilyy- eTidtopaddri¢es resiatam|908ndotiat texmicelsoads.

The addres&l&°”&&$le@"%o@@£ﬁe£%’c? 0S8 2681 MRS AR e Turtile PTG 2HES

words with a
an average threshold output signal (Avg) which is

proportional to the average value of the recovered data
signal. Resistors 906, 912 have resistor values preferably
of 1R, while resistors 908, 910 have resistor values

15 preferably of 2R, realizing threshold output signal values
of 17%, 50% and 83%, and which are utilized to enable
decoding the 4-level data signals as will be described
below.

When power is initially applied to the receiver

20 portion, as when the data communication receiver is first
turned on, a clock rate selector 914 is preset through a
control input (center sample) to select a 128X clock, i.e.
a clock having 'a frequency equivalent to 128 times the
slowest data bit rate, which as described above is 1600

25 bps. The 128X clock is generated by 128X clock generator
844, as shown in FIG. 8, which is preferably a crystal
controlled oscillator operating at 204.8 KHz (kilohertz).
The output of the 128X clock generator 844 couples to an
input of frequency divider 846 which divides the output

30 frequency by two to generate a 64X clock at 102.4 KHz.
Returning to FIG. 9, the 128X clock allows the level
detectors 902, 904 to asynchronously detect in a very short
period of time the peak and valley signal amplitude values,
and to therefore generate the low (Lo), average (Avg) and

35 high (Hi) threshold output signal values required for
modulation decoding. After symbol synchronization is
achieved with the synchronization signal, as will be

described below, the controller 816 generates a second



added thirty-second even parity bit which provides an extra bit of distance
to the code word set. It wll be 15 appreciated that other code words,
such as a 23,12 Golay code word could be utilized as well. Unlike the well
known POCSAG si gnaling protocol which provides address and data code words
which utilize the first code word bit to déBine the code word type, as

ei ther address esné%ﬁ,sfg}lasluqf&e%feerdsﬁﬁmt 't%neh§bpé adided ibar ok he pddress
and data code words |nthei?3| nal i.ng otoc(% utilized with the %’é erred

enbodi ment of t RE™PPEsEHC of. 9 B oS EEROL RYNFRT]RLE ds
are defined by _hlaeshqmsimlm wist.hi n the |nd| vi dual franmes. 25 Fl GS.
6 and 7 are timng d éﬂﬁ,@mmd 'édl%txe;athngtﬁm ?%%'i"&é‘é&&éf ca&ocegermarized

i n accordance wiith t fetred embodi ment present 1nvention.
particul ar, 2s %ﬁoRﬁSFnu¢4?£Sq9°dth¥ ESTRIATRG 29t FOH- e &SnFPPERs the
preferably three- mafréls décddes 819y Bohp Pisea tthdee 300l €0fte dompacatersa frame
I nformation cod f n e n ni i sync
2). As shown |§ 675 n'r‘?():"doprgt)1 % %%lﬂjzlm%%gtgfi%% %gdde) céﬁ%r |9§%§9 rdgst and
third portions, dP‘éBth‘!P%l tc%ﬂtan@n BSPut\Rif ckharehzge é’Pﬁ‘&PFﬁ'@Olis 0 bit

patterns which pommdmzdm tlo% sy-ﬁéhngghaﬂ;ﬁeeﬁolarwhﬁaﬁorsdgaam teuyth
portions, |abeled "A" s cO

synchroni za onETMRe®E et (?cggﬂrf"ﬁp"b r‘ﬁ gﬁgpg}‘ rﬁfoglr ébltg}gsﬁleWequZ 21

BCH code words whresheld Cpnm!m‘ isAgdal (Avg) couples to the second input
of comparatoxr 1020, and the low threshold output signal

{Lo) couples to the second input of comparator 1030. The

6utputs of the three comparators 1010, 1020, 1030 couple to -
15 1inputs of symbol decoder 1040. The symbol decoder 1040

decodes the inputs according to the table provided below.

Threshold Output
Hi Avg Lo MSB LSB
20 RCijn <  RCjp < RCip < 0 0
RCijp < RCip < RCip > 0 1
RCin < RCipn > RCin > 1 1
RCin > RCip > RCin > 1 0
25 As shown in the table above, when the recovered data

signal (RCjp) is less than all three threshold values, the

symbol generated is 00 (MSB = 0, LSB = 0). Thereafter, as

each of the three threshold values is exceeded, a different
symbol is generated, as shown in the table above.

30 The MSB output from the 4-level decoder 810 is coupled
to an input of the symbol synchronizer 812 and provides a
recovered data input generated by detecting the zero
crossings in the 4-level recovered data signal. The
positive level of the recovered daté input represents the

35 two positive deviation excursions of the analog 4-level
recovered data signal above the average threshold output

signal, and the negative level represents the two negative



{.
10 to provide high code word correlation reliability, and which are al so
used to indicate the data bit rate at which addresses and nessages are
transmtted. The table bel ow defines the data bit rates which are used in

conjunction 5 with the signaling protocol. Bit Rate "A" Val ue 1600
bps Al and Al bar 3200 bps A24and A2 bar 10 : 6400
bps A3 agdvisebeh é\JEEuﬂ:%hBle théVharilbgd - Dé{relaxsréi:hﬁ\&i'ednd&h& tabl e

above, three data bi redefined for .addre ssage
transni ssi on, aFﬂﬁBﬁghbe_L w it ?Mﬁp'lerﬁ'ée eesé’f°§‘fie8 f’ ? e ne"ﬂgr | ess data
bit rates can be prelbéi operatsionellf, tepsymbaly sypohrohézey flgmis best

requirenments. ufnﬁHE:LEo & b d;}’%!elf%rﬁn&' 9 PFedahi, neﬂhéoéuf Hidck HeeioThe
frame informati on code wor referably a sin %20 3 BCH Codgegwrd
r

whi ch i ncl udes \ﬁHﬁhT’hl‘E‘I‘me“dé?ceé‘eﬁﬁFﬁith TRIFCE - RESCH JiftPer 181 CBPR
reserved to idenbi by ifgut rafira BeXbeate sselector/ 1bR0s Pl d@X tretdef i ne

frame number O a,LEARF Qs bals 11 yid ‘@.tv‘iﬁgroilhi&? [ﬁ%@.@@s

synchroni zation code Is preferably simlar to that of flrst
synchr oni zat i on S48t HER ¢iHEdiorbbVel FHvRVE JensIrake ?h%a“fﬂlrestclw
synchroni zati onwhedn i €hitts wel einbs yeli¢ ajaibollt edansnisdionedatiat a Zynbol

rate, such ) 1%%gt98f g£&$§i‘¥¥%069§9883’is coupled to a second input of

the 32X rate selector 1120, and is used to select the
sample clock rate for symbol transmission rates of 1600 and
3200 symbols per second. The selected sample clock is
coupled to an input of 32X data oversampler 1110 which

15 samples the recovered data signal (MSB) at thirty-two
samples per symbol. The symbol samples are coupled to an
input of a data edge detector 1130 which generates an
output pulse when a symbol edge is detected The sample
clock is also coupled to an input of a divide-by-16/32

20 circuit 1140 which is utilized to generate 1X and 2X symbol
clocks synchronized to the recovered data signal. The
divided-by-16/32 circuit 1140 is preferably an up/down
counter. When the data edge detector 1130 detects a symbol
edge, a pulse is generated which is gated by AND gate 1150

25 with the current count of divide-by-16/32 circuit 1140.
Concurrently, a pulse is generated by the data edge
detector 1130 which is also coupled to an input of the
divide-by-16/32 circuit 1140. When the pulse coupled to
the input of AND gate 1150 arrives before the generation of

30 a count of thirty-two by the divide-by-16/32 circuit 1140,
the output generated by AND gate 1150 causes the count of
divide-by-16/32 circuit 1140 to be advanced by one count in
response to the pulse which is coupled to the input of
divide-by-16/32 circuit 1140 from ﬁhe data edge detector

35 1130, and when the pulse coupled to the input of AND gate
1150 arrives after the generation of a count of thirty-two
by the divide-by-16/32 circuit 1140, the output generated
by AND gate 1150 causes the count of divide-by-16/32
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t he second synchroni zation code is transmtted at the data 30 synbol rate
at which the address and nessages are to be transmtted in any given frane.
Consequently, the second synchroni zati on code all ows the data conmuni cation
receiver to obtain "fine" bit and frame synchronization at the frame

transm ssion data bit rate. 35 In stymary the signaling protocol
utilized with therBhgteiiss «@diRAkagl tPedy @S8Rt 1M QBeC@HDEhéeS
128 franmes which include a predet ned sgnchronl %aél on GzééOV\Bd by
el even data bl o&k: sﬁhV]&h"l&o%)rq%’é’ bYﬁqeol Yor1 sage code

words per phase.ci¥keityht4e ofrﬁcmattimndeualeeéqmbiee&cn:denlls‘d,ca:he@ﬁbmf t he
data transm ssi QR 53k g éﬁ?&ﬂx%%ﬁ)éﬂ%@ﬁ O Z@He' 98 batde s%&aél cl%cks

conmruni cati on recel ver Tt data code words transmited ™5

various trangnm ¥dithnthgreecoyarsd date ghorrbct (TheapYEPROL k‘ﬂdﬁc&giraﬁ?ﬁf t he
dat a communi cat igehetated vere st mindeeetodad Cfrom thet hbebe ddediowed enbodi nent
of the present invention. The heart of the data comruni cation receiver 106
is a controller 816, which is 10 preferably inplenmented using an
MC68HCO5HCI | mi croconputer, such as manufactured by Mdtorola, Inc. The

m crocorrput er cq&hbuel ler, cb&tﬁb_‘ﬂafterR&ﬂ | therasatroll ezx 816, receives and

processes ma nu of p. eral gci ey Its, ho IG_ 8,
and control 28 ?lSpgration ?l%lt15 ?%ig(?mocrtlosﬁlef: Phe p% |°p e\rl\%lymgl Fcuits

usi ng software - Divide Output - Clock Clock
~(Relative) (SPS) Ratio (BPS) ({BPS)

64X - 1600 by 2 32X 3200 1600

15 64X 3200 by 1 64X 6400 3200

As shown in the table ahove, the 1X and 2X symbol
clocks are generated 1600, 3200 and 6400 bits per second
and are synchronized with the recovered data signal.

20 The 4-level binary converter 814 is best understood by
referring to FIG. 12. The 1X symbol clock is coupled to a
first clock input of a clock rate selector 1210. A 2X
symbol clock also couples to a second clock input of the
clock rate selector 1210. The symbol output signals (MSB,

25 LSB) are coupled to inputs of an input data selector 1230.
A selector signal (2L/4L) is coupled to a selector input of
the clock rate selector 1210 and the selector input of the
input data selector 1230, and provides control of the
conversion of the symbol output signals .as either 2-level

30 FSK data, or 4-level FSK data. When the 2-level FSK data
conversion (2L) is selected, only the MSB output is
selected which is coupled to the input of a parallel to
serial converter 1220. The 1X clock input is selected by
clock rate seleétor 1210 which resuits in a single bit

35 Dbinary data stream to be generated at the output of the
parallel to serial converter 1220. When the 4-level FSK

- data conversion (4L) is selected, both the LSB and MSB

outputs are selected which are coupled to the inputs of the
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subroutines. The use of a mcroconputer controller for processing and
control functions is well known to one of ordinary skill in the art. The
data communi cation receiver 106 is capable of 20 receiving address,

control and nessage information, hereafter called "data" which is nodul ated
using preferably 2-1evel and 4-1evel frequéfcy nodul ati on techni ques. The

transm tred dat gl | ot CLpGLAIDLA0AELAG020DI 5h Ul aspie e
|npUt Of a recerver sectlon _ . Recei ver SecC tl (%CGSSGS the
Ble rests

_received data i AeAeRERHRY \/Vellqt:kkl’féﬁﬁ ?ﬁl?%‘ié’%r]tzmpY’ St ig dut put an
anal og 4-1evel kegyErewb dailta kHinghgl datersafdar toabkegdereradegy sitedX deta

signal. The recoueresl data Shatal :LspsQURled 10 aCoLBPH & el N eshol d

| evel extraction?clrcul i nput of a 4-1evel decoder 810.
The threshol 8 | easpliel rtrt9esiadi cenverte® 122%best understood by referring

tg 84F\IM? ﬁ hand as Shﬁéﬁuﬁﬂjr’_]mj iee FTEWO8G| BBk eskitimiebidatecdata aitresint s 902,
detects the peak BPORFIdSr i tues,of o Senyphter S 35" Howptea
t hreshol d si gnaltovvhnpht$ sot)raomyrrlqh@naizﬁﬁlqmé”%@t cersglperik 85%'1 gRaf 2
e e vajueceksplevsl o erit Spdesnianatitieunl iqyrmigtet 1o
proporti onalt®t o PEFE EE@%’E?"&PQ/&'P'I réfﬁﬁ%’i?cse U . prdaciintd
*A" word synchronization patterns are recovered by the
controller 816 from a code memory 822 and are coupled to an
"A" word correlator 1310. When the synchronization pattern
received matches one of the predetermined "A" word
15 synchronization patterns within an acceptable margin of
error) an "A" or "A-bar" output is generated and is coupled
td controller 816. The particular "A" or "A-bar" word
synchronization pattern correlated provides frame
synchronization to the start of the frame ID word, and also
20 defines the data bit rate of the message to follow, as was
previously described.

The serial binary data stream is also coupled to an
input of the frame word decoder 1320 which decodes the
frame word and provides an indication of the frame number

25 currently being received by the controller 816. During
sync acquisition, such as following initial receiver turn-
on, power is supplied to the receiver portion by battery
saver circuit 848, shown in FIG. 8, which enabled the
reception of the "A" synchronization word, as described

30 above, and which continues to be supplied to enable
processing of the remainder of the synchronization code.
The controller 816 compares the frame number currently
being received with a list of assigned frame numbers stored
in code memory 822. Should the currently received frame

35 number differ from an assigned frame numbers, the

| controller 816 generates a battery saving signal which is
coupled to an input of battery saver circuit 848,

suspending the supply of power to the receiver portion.



anplitude val ue of the recovered data signal. The |evel detector 902, 904
signal outputs are coupled to termnals of resistors 906, 912,
respectively. The opposite resistor 5 termnals 906, 912 provide the high
t hreshol d output signal (H ), and the | ow threshold output signal (Lo),
respectively. The opposite resistor term ndl’s 906, 912 are al so coupled to

termnals of resid QuppP8or er $10€CHE VEhdpenbRa QRPOFI R MRKIESELAMS08,
910 termnals are 10 oupl toget.her to forma resistive divider which

e /
provi des an averE§d9RRfeSRoMee qfSsdeEr gt YRR F 1A 2P SIHof8Y EF onal to
the average val uweaphlt e geéeneoneiesd] byathescomatollResB6 ovlsidd0Gs ed¢@phade

resistor val ues gy gier B}Ql:ileRﬁ it ch 8ch B8 PlPS AR8p1d Wh1R4Bpl §SEEL OF

values 15 preferably of 2R " realiZing threshold output signal values of
17% 50% and>83RO¥sHd tohFRR EReeittem PRERLPR haprElactachRigoarhet4thevel
data signals as asidilgnkd deamei bed bel ow. Wien power is initially applied to

the receiver 20 por hic@endie WEM 18,00l 2 GOIBRITHEALY AN SHSINGGnl S i1t

turned on, a clock rate Sele . S Ereset t hrough a_control _i nput
(center sanple) q¥redpter shausXrnc[Fa6k, 18, & rredesernhegd ng "a¥Prequency

equi val ent to 128nidh¥esikieish Piterdaia bbdovetled byhtkd cvhtiesteirbere above
Is 1600 25 ps.... The 128X cl ock '8%29?19 r{iée(gob F%Z@())( §|p ea%%gerator 844,

S =71 b ) .
as shown in"FI GT&" Whi°€ elnslenborré erabl'y a crystal control oscill ator

operating at 204G rkipteki 1dMer t MhenThbe oty pehrosf zahéon 2B teiroc kegeherdt or
844 couples t0 ahtchRE! tRE HFr&IBtRIGE ndhVEerwdidb sYibhtorli24tdes phaetert put

with an acceptable margin of error, a "C" or "C-bar" output
is generated'which is coupled to controller 816. The

15 particular "C" or "C-bar" synchronization word correlated
provides "fine" frame synchronization to the start of the
data portion of the frame.

Returning to FIG. 8; the start of the actual data

portion is established by the controller 816 generating a

20 Dblock start signal (Blk Start) which is coupled to inputs
of a word de-interleaver 824 and a data recovery timing
circuit 826. The data recovery timing circuit 826 is best
understood by referring to FIG. 14. A control signal (2L /
4L) is coupled to an input of clock rate selector 1410

25 which selects either 1X or 2X symbol clock inputs. The
selected symbol clock is coupled to the input of a phase
generator 1430 which is preferably a clocked ring counter
which is clocked to generate four phase output signals (©1-
$4). A block start signal is also coupled to an input of

30 the phase generator 1430, and is used to hold the ring
counter in a predetermined phase until the actual decoding
of the message information is to begin. When the block
start signal releases the phase generator 1430, the phase
generator 1430 begins generating clocked phase signals

35 which are synchronized with the ihcoming message symbols.

Referring back to FIG. 8, the clocked phase signal

outputs are coupled to inputs of a phase selector 828.
During operation, the controller 816 recovers from the code



30 frequency by two to generate a 64X clock at 102.4 KHz. Returning to
FIG 9, the 128X clock allows the | evel detectors 902, 904 to
asynchronously detect in a very short period of tinme the peak and vall ey
signal anplitude values, and to therefore generate the | ow (Lo), average
(Avg) and 35 high (H) threshold output silgnal val ues required for

modul at i on decodaa&@ryAfsber ﬁM&b@J:ar%ﬁﬁ(‘s@iGﬁl PR 4O MunbeaChb exexthvithle Bhea
synchroni zati on si escribed bel ow_.the control | er .816

generates a secdi umfg%&8ﬂt¥%?e%‘{eg‘71&|s REERIGFL SanBreRP R HEBSE 48 ecti on
of a 1X synbol dimwaisfeirefl ts Henatwsed sblesynbdiputy t€h$electer og12hgs shown

in FIG 8. Returdymgchiek! @158@&% %Jugiah 8GOl ehpBL0o PNSNAId QR13ctSrbesSt
under st ood b¥ referring the 4-| evel decoder 810
e

conpri ses three 8A%- ta&ep%ﬁﬁﬁagja‘? 'S %fGSP'iB‘ébng fﬁ’SG SN P LATIP decoder
1040. The recovatededasaighgdal i<qupivdadetioatinthenpuitpat ¢fiethenphase

comparat ors 1010, 4028, 490ed e, moq,gleare<§hgi&,ﬁuhau£ssa,g e (H) 10

couples to the secon e average t reshold
out put si gnal ﬂ?@‘)“l&&&ﬁ%?t 62?hé°]s°é%<oﬁﬁ -inperlesverofpar AR 288565Sand t he
| ow t hreshol d Olﬂzmjﬂatagdaboﬂé.ﬁé &30 pinds 882, t hespredandly nputheof conpar at or

1030. The o ut i e . le to 15
I nput s of s;hgold% glcoggie%ggogzg'ﬁ%q{s&?b%? %%fcegc(}:er:}:%% 25&9%9 i
associated with the as51gned transmission phase which are

then coupled to the input of block de-interleaver 824, and
clocked into the de-interleaver array on each corresponding
phase clock. The de-interleaver array is an 8x32 bit array
15 which de-interleaves eight interleaved address, control or
message code words, corresponding to one transmission
block. The de-interleaved address code words are coupled
to the input of address correlator 830. The controller 816
recovers the address patterns assigned to the data
20 communication receiver, and couples the patterns to a
second input of the address correlator. When any of the
de-interleaved address code words matches any of the
address patterns assigned to the data communication
receiver within an acceptable margin of error, the message
25 information associated.with the address is then decoded by
the data decoder 832 and stored in a message memory 850 in
a manner well known to one of ordimary skill in the art.
Following the storage of the message information, a
sensible alert signal is generated by the controller 816.
30 The sensible alert signal is preferably an audible alert
signal, although it will be appreciated that other sensible
alert signals, such as tactile alert signals, and visual
alert signals can be generated as well. The audible alert
signal is coupled by the controller 816 to an alert driver
35 834 which is used to drive an audible alerting device, such
as a speaker or a transducer 836. The user can override
the alert signal generation through the use of user input

controls 838 in a manner well known in the art.



aecodes the inputs according to the table provided bel ow. Threshold
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FIG. 15 is a flow chart describing the operation of
the data communication receiver in accordance with the
preferred embodiment of the present invention. At step
1502, when the data communication receiver is turned on,

15 +the controller operation is initialized, at step 1504.
Power is periodically applied to the receiver portion to
enable receiving information present on the assigned RF
éhannel. When data is not detected on the channel in a
predetermined time period, battery saver operation is

20 resumed, at step 1508. When data is detected on the
channel, at step 1506, the synchronization word correlator
begins searching for bit synchronizatibn at step 1510.

When bit synchronization is obtained, at step 1510, the "A"
word correlation begins at step 1512. When the non-

25 complemented "A" word is detected, at step 1514, the
message transmission rate is identified as described above,
at step 1516, and because frame synchronization is
obtained, the time (T1) to the start of the frame
identification code word is identified, at step 1518. When

30 the non-complemented "A" word is not detected, at step
1514, indicatihg the non-complemented "A" word may have
been corrupted by a burst error during transmission, a
determination is made whether the complemented "A" bar® is
detected, at step 1520. When the "A bar" word is not

35 detected at step 1512, indicating that the "A-bar" word may
also have been corrupted by a burst error during
transmission, battery saver operation is again resumed, at
step 1508. When the "A-bar" word is detected, at step



5 KHz which is generated by frequency divider 846, is coupled to an input
of a 32X rate selector 1120. The 32X rate selector 1120 is preferably a

di vi der which provides selective division by 1 or 2 to generate a sanple
clock which is thirty-two tinmes the synbol transm ssion rate. A 10 control
signal (1600/3200) is coupled to a second RAput of the 32X rate -sel ector

1120, and is usgdsh0 Ekd erﬁ‘éséa@% 2HR5R1 &4 RGK ﬂa%Eeléoidém%dtéélnsm ssion
rates of 1600 and 3200 synbol s per second. The se ect edf%%glgl e clock is

coupled to an |ﬁSﬁFrb]Pe%23?°d’£t'aa(§v§F§%nHQezr PREOPHRRLIE anpl es the
recovered data siwygnhrofiMsB)icat ilshbbtyibhed, sdrpltdseper2 sytobthe Ftrrtsyfbol

sanpl es are couRhgdekonatddRle10h Rolalan e oI5 el kR, bt ciop

generates an_out put en a s e 1 s detected sanpl e cl ock
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gener at ed whi chresegaeed Hy SARD §akeé. 1havray smvmgth% Wﬁt 2ourerof
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dat a edge dgﬁector aI SO %pé‘-‘é’ 3 an_1np! g
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messagé transmission rate is next made at step” 153
bit synchronization is obtained, at step 1533, the "C" woxrd
* 15 correlation begins at step 1534. When the non-complemented
%"c" word is detected, at step 1536, frame synchronization
is obtained, and the time (T3) to the start of the message
information is identified, at step 1538.
When the non-complemented "C" word is not detected, at
20 step 1536, indicating the non-complemented "C" word may
have been corrupted by a burst error during transmission, a
determination is made whether the complement "C bar" is
detected, at step 1540. When the "C bar” word is not
detected at step 1540, indicating that the "C-bar®" word may
25 also have been corrupted by a burst error during
transmission, battery saver operation is again resumed, at
step 1508. When the "C-bar" word is detected, at step
1540, frame synchronization is obtained, and the time (T4)
to the start of the message information is identified, at
30 step 1542. At the appropriate time, message decoding can
begin at step 1544.

In summary, by providing multiple synchronization code
words which are spaced in time, the reliability of
synchronizing with synchronization information which is

35 subject to burst error corruption"is greatly enhanced. The
use of a predetermined synchronization code word as the
first synchronization code word, and a second predetermined

synchronization code word which is the complement of the



response to the pul se which is coupled to the input of divide-by-16/32
circuit 1140 fromthe data edge detector 35 1130, and when the pul se
coupled to the input of AND gate 1150 arrives after the generation of a
count of thirty-two by the divide-by-16/32 circuit 1140, the output
generated by AND gate 1150 causes the coun®lof divide-by-16/32 - 15
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synchronization code words, the reliability of

synchronizing at a different data bit rate with
synchronization information which is subject to burst errér
corruption is greatly enhanced; thereby improving the

15 zreliability of the data communication receiver to receive
and present messages to the receiver user.

FIG. 16 is a timing diagram illustrating the
organization of the transmission frame utilized in
accordance with the preferred embodiment of the present

20 invention. As previously described for FIG. 4 and shown
again in FIG. 16, the transmission frame comprises a
synchronization code word 1600 followed by eleven data
blocks labeled Block 0 - Block 10. Address, control and
message code words are distributed within the eleven data

25 Dblocks in a predetermined order. The first code word,
located in Block 0, is always a block information code word
1602 and includes such information as the beginning
locations of an address field 1604 and a vector field 1606,
leaving eighty-seven code words available for the

30 transmission of address, vector and data code words. By
knowing the beginning location of the address field 1604
and the vector field 1606, the controller is able to
calculate how many address code words must be decoded per
frame in order to determine when a.message is present

35 within the frame. Consequently, the address field 1604
includes one or more address code words corresponding to
messages located within a data field 1608. Only address

code words specifying numeric and alphanumeric messages



synbol clock also couples to a second clock input of the clock rate

sel ector 1210. The synbol output signals (MSB, 25 LSB) are coupled to

i nputs of an input data selector 1230. A selector signal (2L/4L) is coupled
to a selector input of the clock rate selector 1210 and the sel ector input
of the input data selector 1230, and provi s control of the conversion of
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FIG. 17 1s a timing diagram illustrating the block

information control word 1602 utilized in accordance with

the preferred embodiment of the present invention. Two

bits define a carry-on flag 1710 and represent the number

15 of carry-on frames which are provided for message
transmission. The number of transmission frames into which
carry-on 1is extended is defined by the carry-on flag 1710

as follows:

20 Carry-on Flag Erame Number

00 Current Frame Only
_ -01 Thru Frame N + 1
’ 10 Thru Frame N + 2
11 Thru Frame N + 3
25

The function of the carry-on flag transmitted within
the block information word will be described in the
description to follow.

FIG. 18 is a memory map illustrating message carry-on

30 in accordance with the preferred embodiment of the present
invention. Normally the paging terminal restricts messages
which are received over the public switched telephone
network (PSTN) to a single transmiésion frame, which for
purposes of example is labeled frame N in FIG. 18. Frame N

35 represents the current transmission frame being processed
for message transmission by the controller. As described
above, the message data is encoded into eighty-eight code

words for transmission during the current transmission
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denul ti pl exer 820. The synchroni zation word correlator is. 10 best
understood with reference to FIG 13. Predeterm ned "A" word
synchroni zati on- patterns are recovered by the controller 816 froma code
menory 822 and are coupled to an "A" word correlator 1310. Wen the
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the controller generates a savi ng si
exceeds the frame transm1551on queue capacity, message

carry-on into subsequent transmission frames and message

15 +transmission rate changes can be used to increase the
number of messages delivered, as will be described below.
With message carry-on, the excess messages 1802, are
transmitted in one or more of the three subsequent
transmission frames, which for purposes of example are

20 labeled N+1, N+2 and N+3. The selection of which
transmission frame is utilized is based on determining
which of the three subsequent transmission frames has, in
one instance, excess transmission frame queue capacity, and
in another instance, is one of displacing messages in

25 subsequent transmission frames to allow current messages to
be transmitted with the shortest time queue possible, as
will be described below.

FIG. 19 is an electrical block diagram of the frame

formatter 212 utilized in the controller of FIG. 2. Aas

30 described above, messages which are received are stored in
the active page file 210. The active page file 210 is
preferably a dual-port, first-in, first out random access
memory which is further delineated by message transmission
prhase, and which stores the messages in the order in which

35 the'messages were received according to the message
transmission phase assigned to the data communication

receiver. It will be appreciated that other memory types,
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coupled to an input of battery saver circuit 848, suspending the supply of
power to the receiver portion. 17 The supply of power wi |l be suspended
until the next frane assigned to the receiver, at which tine a battery
saver signal is generated by the controller 816 which is coupled to the
battery saving circuit 848 to enable the saﬁply of 5 power to the receiver
portion to enabkechez®eptamh difkt Heivesicpredef nankizdetay wedd fort he

operation of thensyasdyitniZ ¥HeORcEPhE PP eigROMpIN FIG 13, a
predeterm ned "C' word synchrqni zati on pattern i s recovered lroly t he
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be transmitted during one or more subsequent transmission
frames, which as described above are the three subsequent
transmission frames. When a message is detected within any
of the message transmission phases and which are to be
15 transmitted during the current transmission frame, or
during one of the three subséquent transmission frames, the
frame decoder 1906 generates a message detection signal
which is coupled to the  controller 1902. The controller
1902 then analyzes the corresponding message to determine
20 the number of code words which will be required for message
transmission. Depending on the transmission frame assigned
to the recovered nessages, the controller 1902 couples
calculated message code word counts to a group of frame
counters 1908 which maintain a total count of the message
25 code word requirements for the current frame (N}, and the
three subsequent frames (N+1, N+2 and N+3). The message
for the current transmission frame is also stored in a
current transmission frame buffer 1910, while messages for
the three subsequent transmission frames are returned in
30 the order in which the messages'were received to the active
page file 210, thereby maintaining meséage gueue order.
When the code word count maintained by the frame counter
1908 for the current frame (N) exceeds a predetermined
transmission frame queue capacity,.which as described above
35 equals eight-seven code words, the excess messages which
are detected as the active page file 210 is read out are
stored in a carry-on buffer 1912. The excess messages

stored in carry-on buffer 1912 will be transmitted in one



understood by referring to FIG 14. A control signal (2L / 4L) is coupled
to an input of clock rate selector 1410 25 which selects either 1X or 2X
synbol clock inputs. The selected synbol clock is coupled to the input of
a phase generator 1430 which is preferably a clocked ring counter which is
cl ocked to generate four phase output sign&@P’s (01- 04). A block start
signal is also cauped b the ithide elibs@quélne Haasaigeiet afximet438s and i s
used to hold thQﬁﬁhn%ecgthgibié]gélgaedeternined phase until the actual
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operation, the comcepitiretof 1l ¥ cdichspfooestdare thedmessadss mbooerg 822, the

transm ssion phagfe FuRehelfaddidid bR HALAs CéHFPé%ESﬂéiﬁ’@ ggLceiver is
assigned. The phase nunber is transférred to the phase sel ect outgut ([err]

Sel ect) of the dIREFBRFEIOBIRPARRI G°RROLRY P T PRPERIOITHRITLSELIRCt or
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the concentrated messages to the frame message buffer 216,

again according to the transmission speed. Thereafter,
'mgssage processing for transmission is as described for
FIG. 2.

15 FIGS. 20-22 are electrical block diagrams illustrating
the operation of the data concentrator/distributor in
accordance with the preferred embodiment of the present .
invention. The data concentrator 1914 is preferably a
programmable four line to one, two or four line de-

20 multiplexer, the operation of which is controlled by the
controller 1902. The data distributor 1916 is preferably a
programmable one, two or four line to four line
multiplexer, the operation of which is also controlled by
the controller 1902. The operations of both the data

25 concentrator 1914 and the data distributor 1916 are readily
implemented as software routines using a microcomputer.

When the message data is to be transmitted at 1600
bits per second (bps), the total number of messages stored
within the four transmission phase regions of the current

30 frame buffer is typically eighty-seven or less code words
without message carry-on, and typically less than 1.5X to
2X times eighty-seven code words with message carry-on.
However, a speed change to the next transmission speed is
preferable when the current frame transmission queue

35 exceeds two times eighty-seven code words with message
carry-on. As shown in FIC. 20, the contents of the four
transmission phases are combined to a single serial output

using the data concentrator 1914, and then redistributed to
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and data decoders 830 and 832, respectively. The 10 denultiplexer 820 is
used to select the binary bits associated with the assigned transm ssion
phase which are then coupled to the input of block de-interleaver 824, and
clocked into the de-interleaver array on each correspondi ng phase cl ock.
The de-interleaver array is an 8x32 bit ark&y 15 which de-interleaves

ei ght int e_rI efiV%Qoagﬂr%é1f&&ntfﬂheoﬁeggéé@%f%QQetMﬁQﬁss‘iWnr gaRoEdi ng to
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a manner wel | known fo one ordinar ] ol'I'owi ng the
storage of the MEuYARECT mortha itepnsHiteni hichl ebecangmalt ithegdagiat ed by

the controller 6o $hput erSaREdbks 8land rids@age bafpéelraalshisanorudi bl e
alert si gnai _al &,gough it (¥V|Jfl be igpreci \ted hg%Kot h‘$r1 stiensi ble _al ert
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816 to an alert dr bveymSor B3d WH §80b Ss AR <t Pelll E¥EA. audi bl e alerting

devi ce, such as a sp%ﬁker or a transdqucer, 836. _The user, can overrige
en the message data is to be transmitted at 320

bits per second (bps), the total number of messages stored
15 within the four transmission phase regions of the current
frame buffer described above, is typically twice eighty-
seven or less code ﬁofds without message carry-on and
typical less than three to four times eighty-seven code
words with message carry-on. However, again a speed change
20 to the next transmission speed is preferable when the
-current frame transmission queue exceeds four times eighty-
seven code words with message carry-on. As shown in FIG.
21, the contents of the four transmission phases (1 and 2,
and 3 and 4) are combined to two sérial outputs (2 and 3)
25 using the data concentrator 1914, and then redistributed to
the four frame message buffer transmission phases (1 and 3,
and 2 and 4 respectively) by data distributor 1916. The
frame message buffer contents is further processed for
transmission as described in FIG. 2 above, and applied to
30 the input of the 4-level FSK modulator at the transmitter,
which results in 4-level FSK modulation to be generated at
3200 bps, which also corresponds to a symbol rate of 1600
symbols per second. . )
When the message data is to be transmitted at 6400
35 Dbits per second (bps), the total riumber of messages stored
within the four transmission phase regions of the current
frame buffer described above, is typically four times

eighty~seven or less code words without message carry-on
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the alert signal generation through the use of user input controls 838 in a
manner well known in the art. 19 Foll ow ng the detection of an address
associated with the data conmuni cation receiver, the nmessage information is
coupled to the input of data decoder 832 which decodes t he encoded nessage
information into preferably a BCD or ASCI| ¥ format suitable for storage

and subsequent carmpltgplclheysmﬁ@etum&agetbnéﬁufattmescaiyﬁmj -se®ahl ed by
t he user using the user |n‘9l hcontrol S 838 vvhere RNt e &9 Olcla%: 816

Code WO on es Oon
recovers the nessage In FF3r PR JIES5°90 78 vy afa provi-des tie message

informati on to &odisdplkagndrines wtmseffen m%m@féﬁi o9 Eﬂﬁse}bdﬁstay 842,
such as an LCD dictiay. aF&dxrrdon &@aﬁlloweerguuieaeéhelﬂgaﬂsimse@ehatlon of

the data co nicati on recei ver W t h th d errbodl ment
e Coumt R, o &S iy 1 3557 30 Boq ol uE
receiver is turre@nsmisgbon tphesmntars Icenpbp@rchme@rtlysthmuglaltlh.eedatat step

1504. Power is Renidediccatdy fﬂ&l'éﬂ& kRel RELh CERINMEbuROE 191k 1tQ ehabl e
receiving information present. on the assigned RF channel When data i s not

det ect ed on t he TRATMBLSFAIS 1?)‘?%@?@% er htfie r?’}“?ré“eﬁéfaHSd bupfexy sptente,is
operation is 20 furehemregdroaéssidfokS@Fansiiesi alataa desdetlesi cch FaGt he

channel . (al 18! e0wb3A0 ahlCa sl U AL QpHE'SE GAET LA hea! ns searching
for bit synchronl zation at ]
modulator at the transmltter, which results in 4-level FSK

modulation to be generated at 6400 bps which corresponds to
a symbol rate of 3200 symbols per second.
In summary, the frame formatter is utilized to sort

15 +the messages stored within the active page file, shown in
FIG. 2, preparing the messages for transmission. By
monitoring the number.of code words for which transmission
is required in the current transmission frame, and the
three subsequent transmission frames, the frame forﬁatter

20 determines when message carry-on is desirable, and which of
the three subsequent transmission frames will be used to
provide message carry-on. The frame formatter also formats
the message data to enable transmission at three selected
transmission speeds using preferably a 4-level FSK

25 modulator, thereby providing increased message processing
capacity using message carry-on and speed changes to be
described below, as the number of messages being received
by the system increases.

FIG. 23 is a flow chart illustrating the operation of

30 the frame formatter of FIG. 19. At the beginning of each
transmission frame processing cycle, the controller within
the frame formatter initializes the frame counters to
counts of eighty-seven, at step 2302. During the message
transmission, the actual number of code words transmitted

35 1is eighty-eight which includes at least one block
information word followed by the eighty-seven message code
words comprising address, control and message information.

When the controller determines that it is time to transmit,



When bit synchroni zation is obtained, at step 1510, the "A" word

correl ation begins at step 1512. When the non- 25 conplenented "A" word is
detected, at step 1514, the nessage transmission rate is identified as
descri bed above, at step 1516, and because frame synchronization is
obtained, the time (T1) to the start of thé&8frame identification code word

is identified, af step iﬁdﬁ ﬁNee@oa@enﬁaeoﬂ%hé:&mhegeﬁa@d fiAe word i s not
detected, at ste 1§14 tel n BE ml)neesnen ted A" evc\%ve y have
been corrupted BY°3 Suér‘r ror Pdu? ans FEEERI®Y Het &monattoh is

made whet her thGh@oﬁpﬁeﬂmwnﬁnrmaklobabundbe@em@dtéhe goreesnentidng, Vhen t he
"A bar” word is akagas fetRdRRAB adt 8Peg HF0s.1 NGHEA LY AhAak the "A-bar”
word rmay alsg hav bee cor t ed bé ﬂ%burst rror dur ng transm ssion,

bat tery saver opEtSEPGRLTR GHRR ROFeBERERd 0 TS E568E VIRHTRAELON. bay "
word i s detectedraae bezmg praX@sted, at hetepsy¥ige theanseniezilderr ehecks
identified as d%%%h@?%ﬁ@gﬁ%%eatm B%aé:‘? ibc—ﬂ.%%ggeeg%ﬁe [Jf0 e three

synchroni zation i s obtal ne thé start of the frane
i dentification é%@@eﬂB?EFlEquﬁﬂﬁFFFPéd r%Re%¢éﬁ‘§tTBZH31%¢ FW@naﬁb?oprlate
ti me, decoding (ftratnbelﬁfmmdﬂnhnﬁmate@ntlwrmdas@agas Sdo ajotsbefond2to \When

the fram | Dodelse phls N0lo IR-3o2LNSH: L0 G- 0ALS, SPLIBULG bk Ohe

receiver, step 1 saving |I's resune
messages from the active page file contlnues, at step 2306.

When the frame information indicates the messages belong to
the three subsequent transmission frames, at step 2312, the
message type and length are identified, at step 2314. The

15 number of code words required for transmission is next
calculated, at step, 2316, for each message type, using the
tablg shown below. '

Message Type = = Code Words Required for Transmission
20 Tone-only 1 address code word (cw)
Numeric (7 digit) 2 address/vector cw plus 1.4 data cw
Numeric (10 digit) 2 address/vector cw plus 2 data cw
Alphanumeric 2 address/vector cw plus 1 data cw/3
characters

25
The table above is based on 21 data bits being

available for message transmission in the modified 32,21
BCH code word with numeric characters requiring four data
bits and alphanumeric characters requiring seven data bits

30 for message transmission. The frame queue capacity
remaining FC(M, where M is 1 - 3) for the three subsequent
transmission frames is next calculated by decrementing the
frame counters by the number of code words required per
message, at step 2218 following.thé code word requirement

35 calculation for each message identified to belong to one of
the three subéequent transmission frames. When the
transmission frame queue capacity is equal to zero (FC(M) =

0), at step 2320, the corresponding subsequent transmission



1508, and remains so until the next assigned frame is to be 10 received.
When the decoded frane ID corresponds to an assigned frane ID, at step
1528, the nmessage reception rate is set, at step 1530. An attenpt to bit
synchroni ze at the nessage transm ssion ratez'bs next made at step 1532.
When bit synchroni zation is obtained, at step 1533, the "C' word 15

correl ati on begi nFramesgupud 58s fullhepntdhes mat gsrprekbntutitalenwdrd i s
detected, at stepmb2dfgel £aPBy SHNCRERRpEALE GRS pebhaidetbeb1bIE i ME
(T3) to the start of tag‘ ma%ﬁag\g i_nf an%atiog. i sbi gentif{'éedth at_ st eg 1538.
When the non- conpl enent'@a™ EPC ot dSFT st B Fsao It D hG 51536,

i ndi cati ng t he noftreospliesiton efkrdn@, wbr dtemy2detbecnressageupype dypda bur st

error during téan%@ﬁ%hoareai(?é‘ﬁﬁrﬂieﬁ?t iaEns{Eép BRge Whekdglunlas eenpbeaent
"C bar" is detected, "at ste{) 1540. When the "C bar” word is not detected at
step 1540, i ndi catiorgSt REEU¥RA TOh AFSsaRe (AP SS9k b5 AR Fadfulated,

corrupted by a bumrst seepor3ziay i fuy lebehsmessag typat ieiyg stheertabperation i s

agai n resumed, at s3tep;La88,pIen the é%gﬁgfﬁﬁggkf;%ﬁ%@{ee%ﬁgéﬁep

1540, frame synchroni zation i s obtained, ) o the start of
t he message i nf or FEPRARLIRE FRiEh iFoiredheatunienisitggnynissionfnage is next
appropriate tpoe, caesdgeedecatlist@ppCan2begoIalingt €he 1&ddle Wardsumary, by

providing ml tipl g KQ%Q&QH{ZSQJ{%la%%ﬁ YOI ds éﬁ%‘égs%& S%%%d# %jﬂ.@e he
reliability of synchronizing w sync rONf zat1 on i nformati on rchi1s 3
subj ect to burst dxrpresmissieoptixare gugheaciBadififaneclot sgralyude &era

predeterm ned synqlpe@ohzat o pp £032p0LI385 4ME the contents of the active
page file memory has been fully recovered, the controller
15 sets the message carry¥oh flag transmitfed in the block
information code word to "00", at step 2332, indicating
that no message carry-on is redﬁired for the current
transmission frame. After the block information control
word is updated by the controller, the current transmission
20 frame buffer contents is then transferred to the frame
message buffer for processing as described in FIG. 2 above.
When the current transmission frame queue is full, at
step 2330, any further message requirements are stored in
the carry-on buffer, at step 2336. When the contents of
25 the active page file memory has been fully recovered, the
absolute value of the contents of the current frame counter
is determined, which indicates the actual number of code
words which are required to be placed into one or more
subsequent transmission frames using message carry-on when
30 the code word count.is negative. In one embodiment of the
present invention, the number of codé words which
correspond to complete messages including address, control
and message information, which is to be moved from the
current transmission frame is then compared to the number
35 of available code word positions within the subsequent
three frames, at step 2338. When a sufficient number of
code word positions are available in the first, second or

third subsequent transmission frame or a combination



first synchronization code word, and a second predeterm ned synchroni zation
code word which is the conpl enent of the 21 first predeterm ned
synchroni zati on code word, allows accurate frane synchroni zation on either
the first or the second predeterm ned synchroni zati on code word. By

encodi ng the synchroni zation code words, a¥itional 5 information, such as

the transm ssi obhédar Rl @ cedfnd&atd Giﬁdj&hﬁimbéhedsﬂbﬁés%laqbbi B¢ B@moved

transm ssion of .nessgge jnfar i_.l on at.,sever ata hit rt tes, Ry using a
ren e, the.F xo exr sets
second coded sync%ronl zat Ton wor o a| r I'ne rame sy nc Foni zdt i on at the

act ual - message flamsHi stgleoﬁlpakel%mlobecaéﬁl‘@ﬁéh t&ndohgal"riwduerto
spacing in tinmerpfrtihes k}émm zeﬁéﬁbycqagnﬁ@fﬁﬁng tetheli ok | dalrtyobn

synchroni zi di f.f.eren ata _bit th_synchroniz t ormat i on
Which Lo sunfectofRmAan ar, Spedird apiihon Fhe grRet, “ERRARcu iRl eby
i mprovi ng t he 1lsubsejuealli Ifurayneoért¢mnh:ia:taa;1c>cnnhﬂr¢raﬁ,| @t stepi23%42.t0 receive

and present nessagesyfidh e E;%Séi‘e&f Uside worls diSred ttbnbégcaq}ﬂgham
illustrating the organization of_ the transmssm rane uti I|ze

accor dance wi t hOR X% MPEJ 2BRDBSE He FXCEF St AR ?)r"ﬁ’sf‘é]l% aypl ?W\F’eﬂ'f‘l Ghe  As
previ ousl y descthibesl fulrselguentitantssizaionafaanes N & Gtep62338e the

t lfansm Zs't Ofb f ' 80FrF U reB88 985 SYPE HaUEL AL 9Np £ALG: W End 6L J e @¥Ed by
eleven da ' transmission frame queue for the third subsequent

transmission framé, and the carry-on flag is set by the
controller to "11", at step 2344, indicating the carry-on
information is located in at least the third subsequent

1S transmission frame, at sfep 2346. It will be appreciated,
that by placing the current transmission frame excess code
words at the head of thetframe transmission queue for the
third subsequent transmission frame, the requirement for
carry-on within the third subsequent transmission frame is

20 generally insured when méssages requirements for that
transmission frame are evaluated as the current
transmission frame. In the alternative, the excess
messages can be transmitted in part in any excess code word
positions .available in the subsequent three transmission

25 frames, leaving the balance for the next transmission frame
cyclg, or can replace the messages in any one of the three
‘subsequent transmission frames, such as by "bumping” the
messages in the first subsequent transmission frame, and
then using message carry-on for each of the subsequent

30 - transmission frames until a transmlss1on frame becomes
available to absorb the excess message count without the
requirement for a message carry-on.

. FIG. 24 is a flow chart illustrating data speed

selection in accordance with the preferred embodiment of

35 the present invention. At step 2402, the transmission
speed is initialized, for purposes of example, to 1600 bits
per second (bps), although it will be appreciated that the

actual transmission speéd could be initialized to 3200 or



bl ocks | abel ed Block 0 - Block 10. Address, control and nessage code words
are distributed wwthin the eleven data 25 blocks in a predeterm ned order.
~The first code word, located in Block O, is always a block information code
word 1602 and includes such information as the beginning | ocations of an
address field 1604 and a vector field 1606, 1eaving ei ghty-seven code words
avail abl e for thes8® hitapem setemd ofbpeddreswellect?dr thadrekt a code words.

By know ng the begidHinfigsligpakh&fe dinld)e %d9£é§SzJ04el ¢nhd60dradit t he vector
field 1606, the controller is able to cal cul ate how rratiﬁ’ag%(gr ess codegégr ds

must be decoded pErRITUREIPR SFYRT U CEPATHEY vieFVE ¢ i9es5rd
35 within the frabve, @insegpe2406. Whenatteessrifand] ¢rafsuissicinudesmene or

nmore address god pondi a d egd,
el d 1608 oy B es s B e o) Phanaie 1

nmessages 22 ha¥RYSTHrr8spsRting Hestshe24Pbeaths “\ﬁsFﬁﬁﬁstW"blﬁa&hf i el d
1608. Tone only nessagdassibacphase rdeonagatpatdd omti staptzuﬂayjandould not

have a_cor r espondjgyg JT5a98al p6 AL ath Ll Bat Bl 3 Ghal ¢, 180G edk0b 105

addr ess code wor ave corres ng nessages, vect or
1606 i ncl udes cort¥ slesgeigsd for BEG 020, akRVEh %RQ |‘%¥énﬁlﬁ§r§?‘%\r‘%q € ocati on

of nessages ligcat £chnd &r@saagbebdﬁf@rf iad] dt&p0Ba1ANGlshietend Sim DBeved one
corr espondence tm%é%amodu ation being generated at a data rate of 1600
' symbols per second when the messages are transmitted.
When the current transmission frame queue is, for

example, greater than two times eighty-seven code words and

15 less than four times eighty-seven code words, at step 2414,
and message carry-on is not inVoked, the message code words
are concentrated by transmission phase, at step 2416, and
then redistributed by transmission phase, at step 2418, as
described for FIG. 21 above, and transferred to the frame

20 message buffer, at step 2412, resulting in 4-level FSK
modulation being generated at a data rate of 3200 bits per
second which corresponds to 1600 symbols per second when
the messages are tranémitted.

When the current transmission frame queue is, for

25 example, greater than four times eighty-seven code words
and less than eight times eighty-seven code words, at step
2420, and message carry-on is not invoked, the message code
words are concentrated by transmission phase, at step 2424,
and then redistributed by transmission phase, at step 2426,

30 as described for FIG. 22 above, and transferred to the
frame message buffer, at step 2312, fesulting in 4-level
FSK modulation being generated at a data rate of 6400 bits
per second which corresponds to 3200 symbols per second
when the messages are transmitted.

35 When the current transmission frame queue is, for
example, greater than eight times eighty-seven code words,

at step 2420, message carry-on is reviewed, at step 2422,



address code words |located within the address field 1604 10 and the
vectors | ocated wthin the vector field 1606. FIG 17 is a timng diagram
illustrating the block information control word 1602 utilized in accordance
with the preferred enbodi nent of the present.,invention. Two bits define a
carry-on flag 1710 and represent the nunber i of carry-on frames which
are provided for Aes3mgECtampisFossransnihaldumeesages timidei §5pBIMIsHinms

into which carry- @paké @a@@@e&mg dré | nask-dnt ttbengxaﬁéineln firbRg dyd as
follows: 20 unber

Current Frame Only 01 Wh§%iréérry -on %ﬂ?Sléﬁ lﬁgoNs aﬁg ?P cons18ered whﬁ%ﬁlj
Frame N + 2 11  speed changeTidegiFionge were 3epbribed fimdiiCon26f ihels

carry-on flag $ra€§€&£tﬁdaﬁ/\ﬂvhi&|nnmébéa§)éé)%d %%oaamw&df\q&ldm%tl be
described in the gescrl tion to foll

11 st rati ng messSERSERASA F38RE o 4 b Lnide ERRDIP{ ARG, EPERf e ressage
enbodi ment of thecpregern daw det nead &ffemlivelyhto peajfianget €hoseal restricts

messages which ar %ré&&ﬁlié’s%%noﬁémwewﬂi%'rfav%%t 89@&%&@'&%&%&9 P%Malges
(PSTN) to a single transm ssion frane pur poses of _exanpl e

| abel ed frame N i AOPPS tAnsHitingd Khaw car'bﬁ’tee%ﬁ?gt’t‘f?elyc&rafléﬁﬁdtﬁ”aﬁélrﬂ ssi on
frame bei ng pr@ceshedtfaisnizsdageftamasat $%i dhchbyasd® toinismbblbon HAseed.

described above, {he, "BS5R06,436A: LS SOQRRE HabR: ey 9hahbagode
' ’ generally throughout the active page file due to an
increased number of messages being_received for all
transmission frames, the use of transmission speed changes
15 are effective in increasing the level of traffic that can
be handled on the channel. By balancing the use of
transmission frame carry-on and speed changing, a true
variable speed signaling fﬁrmat is provided which allows
flexible system growth beginning at a relatively low
. 20 message transmission speed and progressing to a relatively
high message transmission speed. While an increased number .
of data communication receivers can be added, and while
messadge transmission speed is increased by transmitting
multiple messages essentially in parallel, as described
25 above, the actual decoding speed requirement for the data
communication receivers remains constant for the
transmission protocol as described the message speed
increases, also as described above.
A data communication receiver, in normal operation,
30 decodes address information present in the transmission
frame assigned, and when an address is detected which
corresponds to the data communication receiver, will also
decode the message information corresponding thereto.
However, when so indicated by thé'message carry~on flag
35 transmitted within the block information code word, the
data communication receiver will also decode address
information present in one or more of up to three

subsequent transmission frames, and when an address is



words for transm ssion during the current transm ssion 23 frame, of
which at | east one code word is reserved for the block information code
word. It will be appreciated, however, that for any given period of tineg,

t he nunber of messages received by the termnal for transm ssion, and the 5
| ength of the nessages, can result in a nuBBer of code words representing

nmessages recei Vedtbetel IAEHNS HheNakoi §XEL at-alndfi b5 8Os NSO B (r20Ri glueue

capacity as illustrated by .ann anpunt tepresented for purposes of exanple
by exceds messafBe 2BoCBRITITIP SPBRALBES b AELEPARE i PG FPame 10

boundary. Excedediesteddsy cihe defehedd hersiayeasaaryormpl Bisgy,nesdageiah t h

correspondi ng addr gssi g @5 theCAREL NGk Al 18nSEOGL & dTESSAFE- s MiEN the
nunber of nessa%gs recel ved exceeds the frane transm ssion gueue capacity,

message carry- ofiSPREG EhHIRATEIC LPEATH S Qb rorrsRRenSRe s48 15
transm ssi on r atthegbbpgesswdimgh@edsadetdelineigasa the shoeistopesbSd ages
delivered, as wll| be described below. Wth nessage carry-on, the excess
messages 1802, are transmitted in one or nore of the three subsequent
transni ssi on franes, "&hFEt®Mor purposes of exanple are 20 |abeled N+1, N+2
and N+3. The selection of which transm ssion frame is utilized is based on
determ ning which of the three subsequent transm ssion franes has, in one

i nstance, excess transm ssion frame queue capacity, and
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I n anot her instance, is one of displacing nessages in 25 subsequent
transm ssion frames to allow current nmessages to be transmtted wth the
shortest time queue possible, as will be described below FIG 19 is an
el ectrical block diagramof the frame formatter 212 utilized i-n the
controller of FIG 2. As 30 described above, 3fressages which are received
are stored in the active page file 210. 'ﬁﬂ?%ﬂﬁn ve page file 210 is
preferably a dual -port, first-in, first out random access nenory which is

further delingat e? d\g)r/da‘ \ﬂ%?(%hﬂiag%?ﬁgs rrfaalS efora%i:aminglatgﬁgrrﬁésﬁes

messages in the o ges wer e recel Ve
the message trtangmipdsired iflyacd GQSagq@dnmmm&mm?atI&ce@mm cthe (ﬁﬁtratecel ver

LWL besapRihfiadlied o BAl cakhShaIPHRYYnd Vit Sinput: #rS4EBe So1MG b iatles

drives can be utilized as well i pl en®enti ng the active

Peri odi cal | y, aAttiRs£d9gdag §§€h5f“}“§néﬂ¥%s4 LYt Yi HEEeF??ﬁPgm M rol | er
1902 havi ng outxatics l&@.&h5aiequ§§‘ig&éhYf@.é?Cﬁféiﬁ;’iuIsh:&oﬁEssaﬁHé plurklitiyn t he

nessage stora Areas repre enting the nessa nsm.ssi on ases of the
ot Ve page | AL FRmmhRcRE 38N, PlaeheetEs By IR SeBRLRTCRAERES Of &
franme decoder tefGnafli compadstingi:es t hose nmessages which are to be
Lransmttgg during £1% ¢ Genty’ flank' 282 "L25EAY il Fecldeb S 5SS A0CS
timing means for generating periodic timing signals;
means responsive to the periodic timing signals, for
recovering the storéd messages and queueing the same into a
second memory means having a predetermined transmission frame

15 queue capacity:

means for monitoring the transmission frame queue
capacity of said second memory means, and exXpected
transmission frame queue capacities for one or more
subsequent transmission frames,

20 said monitoring means déterminihg when the messages
stofed within said second memory means will exceed the
predetermined transmission frame queue capacity, and for
storing the excess messages in a third memory means;

means, responsive to said monitoring means, for

25 generating designating information designating one 3;/mbre of
the subsequent transmission frames during which the’ excess
messages stored are to be transmitted; and

means for transmitting the messages and designating
information stored in said second memory means within the

30 assigned transmission frame, and for trénsmitting the excess

'messages stored in said third memory means within the one or
more of the subsequent transmission frames designated by the

designating information.

| TR ) AL
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be transmtted during one or. nore subsequent transm ssion franmes, which as
descri bed above are the three subsequent transm ssion franmes. \Wen a
nessage i s detected within any of the nessage transm ssion phases and which
are to be 15 transmtted during the current transm ssion franme, or during
one of the three subsequent transm ssion fram8®, the frane decoder 1906
gener ates a nmessageThietdata mnmugrmatmncmmmobmwm@qmé%%ppy Ler

1902. The contméféir 0% H&%sa%&yz—séotraflﬁerasénﬂlwéxglgr%ﬁ 98sk 9.
determ ne 20 the nunber of code words which be required tTor nessage

t ransni ssi on. DeperﬁﬂqﬁrWQ%é‘eLarnén§ﬁFs§P6ﬁrP?-éhﬁga§]§‘1" rREPUES Yt RE FRRover ed
messages, the @wﬁédalnleeysalgwdﬁmunbetheaagyigh@al PEAarages sdotie fyand; count s

to a groupg of frarre count er l.nt a otal. caunt _.of the
message 25° code Wi ({e]idlﬂ 3%1 gofroﬁef:nglEgrifgﬁtt%?’%sms(%on 558 Fhe t hree
subsequent f r cassiqrment Nafoamatlied) toTheabke squeuding tihe gesseges for
transni ssion fe&Rie des Aled0 +ShALR Q.sbsr:iog gyuLLent transmssion frame buffer

S

1910, while nessages for the three subsequent transm ssion franmes are
returned in 30 the order in which the nmessages were received to the active

page file 210,31 herghy dmim.wumuwcmaaageegm@ﬂsloa@@érdwgertot eeagmde, word
count mai alg’@? t%tg:glfr count er, for the current frane d(gg
exceeds.aqbre ErSith e[ ??f“&ﬁlf’? ﬁ@nqﬁ%ﬁ%l‘é%fbsa(ﬁlﬁ asghIng one
descri bed abovef 3b plemaalls:yeloghmeseage todesmbssison tmm@sceaadrreasdgﬁsrst

whi ch are det &g en%grf%e%h% Aok %‘is@égﬁ éih@af%%é St Rl ts%gu?%oéf’ é” a

carry-on buffer e exc ss nessages st di1n car
will be transrﬁqqnﬁfgqﬁq;qg to the message transmission phases, wherein the

messages are stored in the message storage area corresponding

15 to the assigned message transmission phase.

4. The data communication terminal accofding to claim 2,
wherein said first memory means is a dual-port first-in,
first-out random access memory.
20 '
5. The data communication terminal according to claim 2,
wherein said monitoring means comprises:
first means, coupled to said controller means, for
counting the messages reéoﬁered for the assigned transmission
25 frame; and
second means, coupled to said controller means, for
counting the messages recovered for the one or more
subsequent transmissien frames. |

30 . 6. -The data communication terminal aécordipg to claim 5,
wherein said first and second means for counting generate

counts representative of the received message length.

(T



25 or nore of the three subsequent transm ssion franes, as wll be

descri bed below. After all nessages for the current transm ssion franme have
been recovered, the nessages stored in the current 5 frane buffer 1910 are
coupled to inputs of a data concentrator 1914 ich processes the nessages

stored in the four ,ﬂi;%ts%a%%eco%mag? eas elold g g;c%%ﬁaggt rcgnémﬁlé)n

phase dependi ng uporn ssage i ssion spee oncentrat ed
messages are whexeisupghdd FQH!E!JOllﬁme@anﬁ farddhex ¢ompripesoreand 6fqihi ch

then di stribulgetdengohhent takedi PBS SAUL Ssdddd@cuheBegBREsa8Ea by fR11 3216,
again according to thé transm ssion  speed. Thereafter, rressag roce55| ng

for transm ssifdhSits 28¢ geSePApEgURbing keans exgeed a coppice

el ectricalsbl cmktahlea@ﬂ:éa&tekhuﬁédatrmgsmmmerf&hnenquéuéheaplmﬂty-
concentrator/distributor in accordance with the preferred enbodi ment of the
present invention. The data concentrator 1914 is preferably a programuable
four line to Gne, tThe datbogemminécabionrCterminalplasrordingetopetainch of

whi ch is cont wlér%qnbxgeﬁseseagéel é@&%&é% sHi® %&%ddhéh&?%&énslga&% s

preferably a progranmabl e one, "two or i ne four Line nultiplexer,
the oper ati on tSPDfATiEkeds in| oBeCORIRATE WWW%GHPPSWFEF“EO@“%

oper at i ongg of, hb@rtz_hgt baudalidqueue capacity.

9. The data communicqtion terminal according to claim 1

wherein the messages stored in said third memory means are

transmitted in a selected one of the subsequent transmission
15 frames.

10. _The data communication terminal according to claim 1
wherein said second memory means is a partition of said first
memory means.

20
11. The data communication terminal according to claim 1
wherein said third memory means is a partition of said second
memory means. '

‘L) O G R
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25 concentrator 1914 and the data distributor 1916 are readily inplenmented
as software routines using a mcroconputer. \Wen the nessage data is to be
transmtted at 1600 bits per second (bps), the total nunber of nessages

stored within the four transm ssion phase regi o_{us of the current 30 frane

buffer is typically eighty-seven or [ess de it ESRAge
carry-on, and typicallyq tﬁﬂﬂqu%§§F58§X £ hgﬁgﬁgh?ggggVen code words

with nmessage carry-on. HowsARTIAEBLE pEENGTENMEIIRGR e GABRY1@Mnsm ssi on

speed is preferable when the current frame transm ssion queue 35 exceeds
two tines eighty-seven code words with nessage carry-on. As shown in FIG
20, the contents of the four transnissi GBHR are conbined to a single
serial output using the data concentrator 1914, and then redistributed to

26 two of the four frane nessage. btg‘?fser transm szhjga p@ases {1 %{'d The
02

second two frame medsSyEe OPPRFRTEHOR &88H D5 A A S M55 Ped
to a | ogic zerboby pherabity difstddtautcommidicatibohreéseivers | dd$ad iamdohpie

frame 5 messagg,bulfef  rdbe-JIain JSRRNaAU' Lol SOBLOAI Sy Ithd Wakltlinto

processed for transm ssion as descr 2 above, and applied to the
i nput of the 42| pYerarEw i dizansmigsiome frpmesnivhiek, agmiaspignecdados of
the | ogi ¢ Z@r otaRshiHE OV desl di fPI1AFR1TRSS A8 abebifiinl ¢AHFdH Seivies.
phases 2 and 4Thee3gééScééh&%ié?%?ogq%érgin%ha&389)Oéoéggises a first
menory (210) for storing the received messages, a timer (214)
for generating éeribdic timing-signals, a controller (204)
responsive to the periodic timing signals, for recovering
15 the stored messages ahd queueing the same into a second
memory (1910) having a predetermined transmission frame queue
capacity. A monitcring.circuit (1902, 1908) monitors the
transmission frame queue capacity of the second memory
(1910), and expected transmission frame queue capacities for
20 one or me subsequent transmission frames. The monitoring -
circuit (1902, 1908) determines when the messages stored _
within the second memory (1910) will exceed the predetermined
transmiseion frame queue capacity, and enables the storage of
the excess messages in a third memory (1912). A controller
25 (1902) generates designating information designating one or
more of the subsequent transmission frames during which the
excess messages stored are to be transmitted. A transmitter
(104) transmits.the messages'and designating information
stored in the second memory (1910) within the assigned
30 transmission frame, and transmits the excess messages stored
in the third memory (1912) within the one or more of the
subsequent transmission frames designated by the designating

information.

Fig.2 accompanies this abstract
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4 v

nmessage to be generated at 1600 bps, which al so corresponds to a synbol
rate of 1600 synbols per second. Wen the nessage data is to be transmtted
at 3200 bits per second (bps), the total nunber of nessages stored 15

wi thin the four transm ssion phase regions of the current frame buffer
descri bed above, is typically twce eighty- seven or |ess code words

wi t hout nmessage carry-on and typical |ess than three to four tines

ei ghty-seven code words with nmessage carry- g3 However, again a speed
change 20 to the next transm ssjon speed is preferable when the current
frame transm ssion queue exceeds e el s pords with
nmessage carry-o shown i\n Fi¢ [ hed
transm ssi on ph 1 and : gy
outputs (2 and usi ng the: @%1
redi stributed t four @raneil
3, and 2 and 4 tivel%) by: s?
buf fer contentfs rther proce
2. above, and to 30 the;
transmtter, sults in 4 RSk
3200 bps, which correspogf t@/a s ol raté of 800 synmjo ﬁper
second. \Wen thedressage g.;t asHs t& be transni&ted atN6400 35| b

second (bps), t 'gt r of nessages stored within the flour

transm ssion p gi ong.al.Lha.cutrent. . feane.butfet.dascrnidled . .ahove...s

typically four

ei ghty-sevensor | ess code words with&t nessage
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27 and typically less than six to eight tinmes eighty-seven code words with
nmessage carry-on, although nessage carry-on to sixteen tines eighty-seven
code words is possible by forcing a carry-on in all three subsequent

transm ssion 5 frames. As shown in FIG 22, the contents of the four
transm ssi on phases are coupled directly through the data concentrator 1914
and the data distributor 1916 to the frane nessage buffer. The frane
message buffer contents is further processed for transmi ssion as described
in FIG 2 10 above, and applied to the‘%@gut of the 4-1evel FSK nodul ator.
at the trans ', which results in 4-1 | FSK nodul ation to be generated
at 6400 bps corresponds to a synbol rate of 3200 synbols per second.
In sumary, is utilized to sort 15 the nmessages stored
wi thin the wn in FIG 2, preparing the nmessages for
transm ssi on. nunber of code words for which transm ssion
I's required i%%ha current sm ssion frane, and the three subsequent
transm ssio jffénes, the flimme formatter 20 deternines when nessage
carry-on is |desirpbl e, and which of the three subsequent transm ssion
frames w i |

ctive
Wpy nitorir§

nessag Jtarrq-on. The frame formatter al so
formats the [EBssape datp @ ble tfa ghission at three selected
transm ssi or| $fefls usihg [ & erabl y[a|D Pevel FSK
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25 nodul ator, thereby providing increased nessage processing capacity
usi ng nessage carry-on and speed changes to be descri bed below, as the
nunber of messages being received by the systemincreases. FIG 23 is a
flow chart illustrating the operation of 30 the frane formatter of FIG
19. At the beginning of each transnission frame processing cycle, the
controller wwthin the franme formatter initializes the frame counters to
counts of eighty-seven, at step 2302. D&wg t he nessage transm ssi on,
actual nunber of codesagds transmtted I s eighty-eight geicrlri
at | east one bl ock infgr ati on word fol l owed by t ei ghty-seven 3
code words conpri Si ntrol and nessagesi nformati '
controller determy time to transm t, 28 at
is . recoyered, at step 2306.
ggnforn%ion bundl ed weth th
When tQf

g% whet her t

Beyhent transhis
& =

t he

ep
i nformati on does not ] 19€T
processed, at step anme
I nformati on bel ongs
step 2312. \Wen the
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.messages fromthe active page file continues, at step 2306. Wien the frane
information indicates the nessages belong to the three subsequent

transm ssion frames, at step 2312, the nessage type and length are
identified, at step 2314. The 15 nunber of code words required for

transm ssion is next calculated, at step 2316, for each nessage type, using

the tabl e shown bel ow. Message Type . Code Wrds Required for
Transm ssion 20 Tone-only 1 address code word (cw) Nuneric (7
digit) 2 address/vector cw plus 1. 4/ata cw Nuneric (10 digit) 2

addr ess/ vector cw plustX® data cw Al phanuneric 2 address/vector cw

plus 1 data cwZBXh&YMBOLs RECOWERERDI e above is based on 21 data bits

bei ng avail abl e for n€tKage tr @A/ ssion in the nodified 32,21 BCH code
word with nuneric. chargcters requiring four data bits and al phanumeric
characters pequ.l FiDg--seven -dat aqbil s .30 .. Lof. . ABssage-t4anrsm ssion.  The
frame queue’capa ci ty rgmaining HC(M __where w1803 - 3 fof the three-
subsequent trangm ssiof frames iJs néxt_cal cul at ¢d b,r Qﬁrémantl ng the frame
counters by:the|nunber |of code wopdd PEAKILEMEL dranpssegei—a- syep 2218
fol l owi ng the cgde worg requirenent |39 T@Rafion fo each message
identified {o-b&laong.td.gne of tjhe sTtrserten908r £ smssmn frames.

Wien the trankgaj ssi ajre quede capacity is equal To ze:o (FC(M = 0O, at
ArbE] SEICRATE (Fom

step 2320, the SO EETERTA™T ansm ssion ;
I < o0 3
: 914 VALLEY LEVEL] : o
DETECTOR Cotz
: ~-904 o
(. 808
CENTER
SAMPLE FIG. 9
: 1040 :
: 1010 2 ‘
DATA ———4—= o MsE
HI ———= :
‘ 1020 :
el symBoL | ¢
A e DECODER |
AVG ——— :
: ~1030 :
¢ :
: [——»LSB
LO ———» :
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.29 frame queue is full, and is not generally suitable in nmessage carry-on,

except as w |
the current transm ssion frane, at step 2310,
are identified, at step 2324. The nunber of code words required for
transm ssion is next cal culated, at step 2326,
the tabl e descri bed above.
FC(0) for the current .transnission frame is next 10
2328 followi ng the code word requirenent calcul ation for each nessage.
the current transmi ssion frame queue cdfAgity i s not equal
at step 2330, and the contents of the active page file nmenory has been
sets the nmessage carry-on flag

0),

fully recovered, _
transmtted in the block infornmati on code word to "00",

the controller

15

be descri bed bel ow. Wen the franme infornmation belongs to
t he nessage type and 5 length

message

for each nessage type using
The transm ssion frane queue capacity renaining
cal cul at ed,

at step
When
to zero (FC(0) >

at step 2332,

i ndicating that no nessage carry-on is required for the current

transm ssion frane. After the bl ock informt

the controller, thercyg
transferred to the frg

r

ifermnt r ol
G

word is updated by

rane -buff-er--eontent-s-4-%- t hen

ent- trranmsni-ssieqrri 2o
1 ,erqf{?a%r\r ocossl

g as described iin FIG

I'g
2 above. RRCAVERER{y lent amepamassi dn f rlapATAEDEE: 1490 2330,
any further DS age: T 40 OVERSAMPLERE ST®Ne DETECTOR C N, é'.t "step
2336. Wen the cont:enﬁ tiVvdepage .Iflj =) f;ul |y
recovered, the : 1120 ~ 1140 ~ + :
/ 32X RATE | :
——] . ‘
1600/3200 — SELECTOR [ ™| DIVIDEBY 16/32 | _ADV/RET |
S W & ....... e
1X 2X.
64X CLOCK BWC SYMBOL SYMBOL
CLK CLK
81 LSB MSB
U U i .......... L
: 1230
: INPUT DATA :
: SELECTOR :
: ' 1220
: ‘ * 4 :
; PARALLEL TO i SERIAL DATA
: SERIAL CONVERTER : OUTPUT
: 1210 |
: ? L :
2L/4L —o——] CLOCK RATE :
: SELECTOR :
X 2X
SYMBOL SYMBOL
CLK CLK

FIG. 12



.absol ute val ue of the contents of the current frame counter is deternined,
whi ch indicates the actual nunber of code words which are required to be

pl aced into one or nore subsequent transm ssion franes using nessage
carry-on when 30 the code word count is negative. In one enbodi nent of

t he present invention, the nunber of code words which correspond to

conpl ete nessages including address, control and nmessage information, which
is to be noved fromthe current transm ssion frame is then conpared to the
nunber 35 of avail able code word posi 6/fkhs within the subsequent three
frames, at step 2338. Wen a sufficient nunber of e word positions are
available in the first, second or third subsequen?ﬁ? sm ssion frame or a
conbi nati on 30 thereof to acconmodate the npnber of nessages t@§ be noved
fromthe current frame, the controller sets th ceﬁQ?EdﬂEMﬂng he bl ock
i nfornati ogqapgg Wword, to "01", ""10" or "11" r '

i dentifying \)/éither the carry-on 5 |nformat? is ljocated wi Ahin the first,
second or t Ijrd subsequent frarre or conbi na |o\ tep 2342. When
t he nunber of code words requi8¢g to be carriefd- on exceeds t he nfnber of
excess code.watds.availabl ,J,D—Eﬁ. three.supsefuent CONERALssi on |ranes, at
step 2338, 7t He 10 —caiyain mess.a,g.es—a,r-e—ar.efe ably pMEéE@ at thefghead of

t he transm’.s i 0 rame que'ueW(DRDt he t hir| équent

CORRELATOR Ry

1310~ A . __|"A* WORD SYNC

: : PATTERNS

‘ FRAME WORD W

: T DECODER -

: _J 2|

: 1320 : BLOCK
‘ e START
: “C* WORD FH—lc

: CORRELATOR A

: 1330 - A : | *c* WORD SYNC

S S eeermenas e PATTERNS

SYMBOL FIG. 13

CLK
‘@1 @2 @3 o4
826 \
R A
— % | CLOCKRATE | | |« BLOCK
2L/aL— i | SELECTOR @ GENERATOR <0~ o1aART
1 * 1430 — :
1X 2X
SYMBOL SYMBOL
CLK CLK

FIG. 14



transm ssion frame, and the carry-on flag is set by the controller to "11",
at step 2344, indicating the carry-on information is located in at | east
the third subsequent 15 transnission frane, at step 2346. It wll be
appreci ated, that by placing the current transm ssion frame excess code
words at the head of the franme transm ssion queue for the third subsequent
transm ssion frame, the requirenent togaﬁgrry-on within the third
subsequent transm ssion franme is 20 gefféfally insured when nessages

requi renents for that transn1 y'-- ane_are evaluated as the current.
transm ssion frame. In the a nmessages can be
transmtted in part in any excesdS—reseomvessssmewmmmgns avail able in the
subsequent three transnissiqg.‘57 franmes, ¥l eavi ng the bal ance for the next
transm ssion frame cycle, or~&an replqﬁ- ‘ﬂﬁEness.;es in any one of the

t hree subsequent transm ssion fr &g maeniaend) UTPI NQ" t he nmessages in
the first subsequené ansir on and then using nessage carry-on
for each of the sub g@ ent {30 transm ssi fremeguntil a transm ssion
frame becones ayed abliq‘: G0 / Qessage count without the
requi r enent for ﬁw{g 3 f | ow chart illustrating
data speed sel edidsn iR -é~L . erred enbodi ment of 35 the
present invention. At step 2402, the trow®m ssion.speed is initialized,

for purposes of exanple, to 16P0 bits pe€ {econd (bps), although it will be
appreciated that the actual trhnsm ssion.speed-t810d be initialized to 3200

ey >
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31 6400 bit per second (bps) as well. At the next transm ssion queue tine,
at step 2404, the current transm ssion frame queue capacity is evaluated as
descri bed above, at step 2406. Wen the current transm ssion frame 5 queue
capacity is, for exanple, less than two tinmes eighty- seven code words, at
step 2406, the messages from each transm ssion phase are concentrated, at
step 2408, and redistributed to transm ssion phases 1 and 3, at step 2410,
as described for FIG 20 above, and transferred to-the 10 frame nessage
buffer, at step 2412, resulting in 2-level FSK nodul ati on bei ng generat ed
at a data rate of 1600 synbols per second when the nessages are
.transmitted. Wien the current transn8&di on frame queue is, for exanple,
greater than two tines eighty-seven code words and 15 | ess than four tines
ei ghty-seven code words, at step 2414, and nessage car not i nvoked,
t he message code wor IS ar 1 at step
2416, and then redi s{gd bufed\by transm ssi on phase, at 18, as .
descri bed for FIG ZLE?bo e, \nd transferred to the friare 24 gressage
buffer, at step 2412 _res ltiNg in 4-1evel FSK nndulatiSﬁ heihg generated -
at a data rate of 32 second whi ch correspojds.to 00 synbol s
dansmi tted. When the transm ssi on

per second when the
frame queue is, for _5 nple, dreatdgr than four ting -seven code
wor ds
@
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and |l ess than eight tinmes eighty-seven code words, at step 2420, and
nessage carry-on i s not invoked, the nessage code words are concentrated by
transm ssi on phase, at step 2424, and then redistributed by transn ssion
phase, at step 2426, 30 as described for FIG 22 above, and transferred to
the frame nessage buffer, at step 2312, resulting in 4-level FSK nodul ation
bei ng generated at a data rate of 6400 bits per second which corresponds to
3200 symnbol s per second when the nessages are transmtted. 35 When
the current transm ssion frane queue is, for exanple, greater than eight
times ei ghty-seven code words, at step 2420, nmessage carry-on i s revi ewed,
at step 2422, 32 in an attenpt to Whhsnit all nessages in the

transm ssion franme queue during the current transm ssion frame cycle. Wile
carry-on consi derations are not considered while speed change deci sions
were described in FIG 24, it is 5 clear that when nessages can be
delivered in nost transm ssion franes, at a given transm ssion speed,
nmessage car fPAMEcan be used ef$@PEWEORP N®-bal ance those transmi ssion
frames which N@ve a greater nunber of nessages to be transnmitted than can
be effectively hdndl8ed 18t 24n 32 4Me 48 a®6m 64i of2 f 1IBAMe8&t an i ncreased

transm ssi on spedd. [vnmem 17 ST ST O q eueLreq |rqnents i ncrease
general |y througljout] th¢ actiiveg pade fijl e due jto &n
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i'ncreased nunber of nmessages being received for all transm ssion franes,
the use of transm ssion speed changes 15 are effective in increasing the
| evel of traffic that can be handl ed on the channel. By bal ancing the use
of transm ssion frame carry-on and speed changing, a true variable speed
signaling format is provided which allows flexible systemgrowh begi nning
at arelatively low 20 nessage transm ssion speed and progressing to a
rel atively high nmessage transm ssi-on speed. Wile an increased nunber of
data communi cation receivers can be added, and whil e nessage transm ssion
speed is increased by transmtting nultiple nmessages essentially in
paral l el , as described 25 above, the actual decoding speed requirenent for
t he data communi cation receivers ref@Ids constant for the transm ssion
protocol as described &he nessage speed increases, also as ®escribed above.
A data communi cation r&dgiver, in nornmal operation, 30 decwodes address
I nformati on present in sm ssion franme assigned, -and \yeeameudy addr ess
is detected which correpponds t he data comruni cation recg Il al so
decode the nessage infofjrmatio ' ﬁereto. Howe\ SO

I ndi cated by the nessa SmMttegdgwth ock
- [ ecei ve ]
Up to three {

i nformati on code word, ode
address information pre
transm ssion franes,

1904
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P
33 detected within the assigned transm ssion franme or wthin one of the

t hree subsequent transm ssion franmes, as indicated by the received nessage
carry-on flag, and which is assigned to the data comuni cation receiver,
will also 5 decode the nessage information correspondi ng thereto, thereby
ensuring nmessage delivery in the shortest period of tinme. We claim 34
Cains 1. A data comrunication termnal for transmtting nessages to a
plurality of data conmuni cation receiéf®, the data 5 conmuni cation

term nal having an input for receiving nessages and assigning the sanme into
a plurality of transm ssion franmes which are assigned for transm ssion to
the plurality data comruni cation receivers, said data conmuni cati on

term nal conprising: 10 first nenory means for storing the received
nmessages; tim ng nmeans fiqr, generating periqQdi,c timng signals;, K means
responsive to the peri .timng signals
nmessages and queuei ng sane into a secq:
predet erm ned transm s$i frame 15 queue

- e e

ot G man =
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& s
means for

nonitoring the transm ssion frane queue capacity of said second

menory nmeans, and expected transm ssion frame queue capacities for one or
nore subsequent transm ssion frames, 20 sai d nonitoring nmeans
determ ni ng when the nessages stored within said second nenory neans wl |

exceed the
t he excess

predeterm ned transm ssion franme queue capacity, and. for storing
nmessages in a third nenory neans; neans, responsive to said

nmoni t ori ng mefns ‘r T3¢ i ng desigdéiﬁhg i nformati on desi gnati ng one
or nore of thg 4 ) at eSS Ty —eXqe
nmessages storgg adﬁﬁﬁﬁ (EC Y nltted and neans for tr@nsmittingTthe

messages a
within the

nmessages stlored in saJg thir

nd—desi-ghaping 1 nf oN¥BgHDN stored in said secdnd menory jmeans
30 assigneg transm ssion frame, and for trangmitting tHe exicess
@5 menory neans within the ofe or nore|lof tle

subsequent }t ransni2<i on Q4de5|gnated by the designgting inforfmatipn.
'35 2.°  Thd_& ' o0 term nal according to cl&im 23; enein jsaid
means for recove flei ng conprises: cantrallerlméan

controlling the rechwg

transm ssi
frame assi

the stored nmessagg¢s JTIRANSFER®AISsI g jd

on frame; 5 Y 280s0di ng neans fo T@MS@EB&JHH@] i ssijon
gnne| A—0 enabl e queuei MY sieps
. RECOVER PAGE 7 /-2 6
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.’théﬁassigned transm ssion frame. 3. The data comruni cation term nal
according to claim2, 10 wherein the data comuni cation receivers are
assigned to one of a plurality of nessage transni ssion phases, and said
first nmenory nmeans conprises a plurality of nessage storage areas
correspondi ng to the nessage transm ssion phases, wherein the nessages are
stored in the nessage storage area corresponding 15 to the assigned
nmessage transm ssion phase. 4. The data comruni cation term nal according
to claim?2, wherein said first MENDIp ypans is a dual -port first-in,
first-out randon1access menory. 20 g The data comruni cation term nal
according to cIa|n12 wh§48én said nonitoring nmeans conprises: first neans,

coupled to sa : Geans, for counting the nessages recovered for
t he assi gnegd lNl‘HAﬁlﬁBERAME frarre and second neans, coupled to said
controller nSEEEDW(DﬂGO@BPB g the nessages recovered for the one or nore
subsequent . o es. 30 6. The data conmuni cation term nal
accordi ng]| ‘, mhereln said first and second nmeans for counting
generate gounts repfesentative of the received nessage |ength. 36 7.

The data ¢ Aftnal according to claimé, 2422
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wherein said contraoll er .means further conprises neans for detecting when

the fi r'&lsﬁm \p Eﬂnts generated by said first and second counti ng

neans ex rresponding 5 to the predeterm ned transm ssion

frame qu : The data communication term nal according to
“claim1l erein the nessages stored in saidsthird nenory neans are
transmtted in_one or npre subsequent transm ssion frames 10 having unused

queue capacit $2-9. 2 nefbodfor CHFNRIRAMGTTALGites tHeRsPdFREOPoIRI i m 1

wher ei n t he naasagesmuhei €dtidh Sdhiddlr havEny wnrdapatarert racshvined in a

sel ected one of the subs(g ent_tr.ansm ss‘_;hon 15 f.ranmes. io. ghg géﬁg

cormmuni cat i on™EEFATRAI 2L o HY Y% WL SATE e Cs&i B8ERoh Y ry

means i s a pattrabswmissiosafrhiies stsgigmmd/ fiveakganghissionThe daphurality

conmuni catg O”okeégtg%oﬂﬁﬁi’{ i Gdivrk ,""fé%g;‘a' het@bd Eﬁﬁggigfﬂ?rﬂhgeans
12. A net or

IS a partition of said second nmenory means. 7 gueuei ng
messages for €EeR8nPEsion in a data communication term nal having an input

for receiving Messgggsiagithel raSSi Y Nikd My 1A rdtP méhalrit ¥reh ;
transm ssion franes as&gned for, transnj ssi on _toaﬁép_l urality 5 of data
comuni cation recefGBFE2 %’é?op?r’é’r?f%’cf’c%’rf'b‘r‘?%ﬁfggnt ;

recovering the stored messages from the first memory in
10  response to the periodic timing signals being generated;
queueing the recovered messages for the assigned
transmission frame into-a second memory area having a
predetermined queue capacity;
monitoring the second memory queue capacity, and
15 expected queue capacities for one or more subsequent
transmission frames; i
determining when the messages stored within the second
memory area exceed the predetermined queue capacity;
storing the excess messages recovered in a third memory
20 area; .
generating designating information designating one or
more subsequent transmission frames during which the excess
messages stored in the third memory area are to be
transmitted; and
25 : transmitting the messages and designating information
stored.in the second memory area within the assidned
transmission frame; and ,
transmitting the excess messages stored in the third
memory area within the one or more subsequent transmission
30 frames designated by the designating information.

13. The method for queueing messages according to claim 10,
further comprising the step of decoding the transmission
frame assignment information enables queueing the messages in

35 the second memory for the assigned transmission frame.
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steps. of: storing the received nessages in a first menory area; generating
periodic timng signals; recovering the stored nessages fromthe first
menory in 10 response to the periodic timng signals being generated;
gueuei ng the recovered nessages for the assigned transm ssion frane into a
second nenory area having a predeterm ned ggeue capacity; nonitoring the
second nenory queue capacity, and 15 expected queue capacities for one_or
nore subsequedé-tr FREnMedbed £PENEYCUGLPE IREFFIILIMARGLIRE N I8 §d4 18 dBed

within the se¢pesdeiBmeny 8tEp 6%C8LEodey PrIREl et BMIRMS iPie Frag@paci ty;
storing the excess nesiagez recgvereg |€%a thqu%nenbr. 20.are%' generati ng
desi gnati ng | AESAIRFEBE 4BEPHRAFIRY DRESRET nghiaP ?ﬁxﬂﬂﬁiﬁ%?%?ﬁa i ssi on
frames duri ngewpecheihgqueneesspaetsibgesist thedne dthendre seibseguentar ea are

to be traW?”i%ESﬂ'mngiﬁﬁ frames.lfansnmtting the messages and designating
I nformation storeg in the seconﬁ'nennry area within the assigned

transm ssion frame; and transmtting the excess nessages stored in the

third menory asea whchimdthBa €88 QhelBifgSHES taddWEIti TP R134nf H2TES
desi gnated by the deS|gnat|ng infornmption. 13. The met hod for ugyelng
messages accoldeR§itotBraffrEoCoPrRHER LIPS IVETH A& 5530168581 RBSt he

transm ssi on bfagepaashlNERnbLi NéSsaps | tfamamis civom pHicsy Hhd Fegsages in
10 memory comprises a plurality of message sforage areas
representing message transmission phases, and wherein said
method further comprises the step of storing the messages
into the message storage area corresponding to the assigned
message transmission phase.

15
16. The method for queueing messages according to claim 12,
wherein said step of monitoring comprises the steps of:
generating a first count of the messages recovered for
transmission in the assigned transmission frame; and
.20 generéting a second count of the messages recovered for

transmission in the one or more subsequent transmission

frames.

17. The method for queueing messages according to claim 16,
25 further comprising the steps of:
détecting when the first and second counts generated
exceed a count corresponding to the predetermined

transmission frame queue capacity.

30 18. The method for queueing messages according to claim 12,
wherein said step of transmitting the messages stored in the
third memory area, transmits the messages in one or more

subsequent transmission frames having unused queue capacity.

35 19. The method for queueing messages according to claim 12,
wherein said step of transmitting the messages stored in the
third memory area, transmits the messages in a selected one
of the subsequent transmission frames.
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35 the second nenory for the assigned transm ssion frane. 38 14. The

met hod for queuei ng nessages according to claim 13, wherein the step of
decoding the transmi ssion frame assignnent information further enables
nonitoring the expected queue capacities in the one or nore subsequent 5
transm ssion frames. 15. The nmethod for quggei ng nessages according to
claim 12, wherein the data conmuni cation receivers are assigned to one of a

pIurallty of nessage t HARSN soMWLNNEEEPoN ANFERMERALLOPRORIDINGCONPr i ses a
plurality of nmessage storgffrabess LERGITENMEIGATESIPREY-OMWN SSion
phases, and wherein said nethod further conprises the step of storing the

nmessages into the nessage storage area corresponding to the assigned
nmessage transm ssion phase. 15 16. ThaB®TRaET or queuei ng nmessages
according;to claim 12, wherein said step of nonitoring conprises the steps
of : genergtlng a flrst count of the messages recovered for transmission in
t he assi gned tran§hut$hqncdmmun;0dmm@n2@ermlnalgéh@?htFﬁ@n%m%ﬁﬁxﬂﬁﬁﬁﬁﬂﬁﬁ of

the messages '&?&fﬁﬂ? %&a@§ﬁhsEbﬁﬁuhﬂc&hfoﬂnﬁeé§1¢5¥§3Gﬁd%ﬂequﬁﬂﬁ has
transm ssi on he net hod for queuei ng nes sa.ng gﬁmordln

claim 16, 25 arf wrrtmé% fosmracsivg noh mespagesofnd assign

a plurality of transmission frames which are assigned for

e same %nto '

10 transmission to the plurality data communication receivers.
The data communication terminal (102) comprises a first
memory (210) for storing the received messages, a timer (214)
for generating periodic timing signals, a controller (204)
responsive to the periodic timing signals, for recovering

15 the stored messages and queueing the same into a second
memory (1910) having a predetermined transmission frame queue
capacity. A monitoring circuit (1902, 1908) monitors the
transmission frame queue capacity of the second memory
(1910), and expected transmission frame qqeue capacities for

20 one or me subsequent transmission frames. The monitoring
circuit (1902, 1908) determines when the messages stored
within the second memory (1910) will exceed the predetermined
transmission frame gueue capacity, and enables the storage of
the excess messages in a third memory (1912). A controller

25 (1902) generates designating information designating one or
more of the subsequent transmission frames during which the
excess messages stored are to be transmitted. A transmitter
(104) transmits the messages and designating information
stored in the second memory (1910) within the assigned

30 transmission frame, and transmits the excess messages stored
in the third memory (1912) within the one or more of the
subsequent transmission frames designated by the designating

information.

Fig. 2 accompanies this abstract
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detecting when the first and second counts generated exceed a count
correspondi pg“to the predeterm ned transm ssion frane queue capacity. 30
18." The=itet hod for queuei ng messages according to claim 12, wherein said
step of transmtting the nmessages stored igpthe third nmenory area,
transmts the nessages_in one or nore subsequent transm ssjon franmes having
unused queue l@apadi Mgthed foy queneling MEEsRERS ofRT HFRPHRRSI 1 or di ng
to claim 12, gaher eobmadidatien GbrhiAdsNhiving Ameinmssaas reiceiedngn t he

third nenory area, transm.ts the,nessag in_a sgl.ected.one . qf
subsequent tpgﬁgﬁgggiSﬁaff8HE§§51gg1ng Eﬁe same into a pfhrafityt%%

transmission frames assigned for transmission to a plurality
5 of data communication receivers, said method comprising the
steps of:
storing the received messages in a first memory area;
generating periodic timing signals;
recovering the stored messages from the first memory in
10 response to the periodic timing signals being generated;
queueing the recovered messages for the assigned
transmission frame into a second memory area having a
predetermined queue capacity; '
monitoring the second memory queue capacity[ and
15 expecfed queue capacities for one or more subsequént
transmission frames; _
determining when the messages stored within the second
memory area exceed the predetermined'queue capacity;
storing the excess messages recovered in a third memory
20 area; ' !' ‘
generating designating information designating one or
more subsequent transmission frames during which the excess
messages stored in the third memory area are to be
transmitted; and
25 transmitting the messages and designating information
stored in the second memory area within the assigned
transmission frame; and
transmitting the excess messages stored in the third
memory area within the one or more subsequent transmission
30 frames designated by the designating information.

13. The method for queueing messages according to claim 12,

further comprising the step of decoding the transmission "

frame assignment information enables queueing the messages in
35 the second memory for the assigned transmission frame.
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