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15 such as pagers, are mixed down to an intermediate frequency

and demodulated. The demodulated signal comprises a

substantially constant offset voltage with information

modulated thereon. The offset voltage is a function of the

radio frequency carrier offset, the frequency tolerance of

20 the receiver's local oscillator, and individual

characteristics of the demodulator circuit. These.
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characteristics vary from one receiver to another, as well
as with the ambient temperature and battery voltage. Thus
the offset voltage varies over time and must be determined
periodically in order to extract the information modulated
thereon. The information is extracted and digitized by
comparing the offset voltage to the output of the
demodulator. _

Extracting the offset voltage (otherwise referred to
as a threshold voltage) has been a subject of numerous ‘
inventions. However, as digital signalling protocols for
portable devices such as pagers move into both higher
symbol rates and multi-level symbol signalling systems, the
problems in this area are compounded. In simulcast
environments (as well as Gausian environments), the rapidly
changing signals may combine with noise in the receiver's
IF to produce noise spikes during the transitions between

symbols. These noise spikes interfere with the acquisition



2 5 of the offset voltage. Thus it_.i's desirable to determ ne t he

| ocation of the noise spikes and block -their - interference with the
acgui sition of the offset voltage. 5 SUMVARY OF THE

| NWENTI ON It is an object of this invention to provide a nethod
and apparatus which extracts a received'offset si gnal during intervals

synchroni zed with received synbol s. is a further object of this
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excl usivegof said step of engyMvitky oF THE |inVvBx@Iburther object of this
I nvention to provide an 20 apparatus for digitizing a received signal

having a substantially constant offset signal and a synbol stream
having a pr edgt er ek kadlbbjRict ol whilsed nivieateon, teapflov1de aPp pasthod
conprising a defermni nsfor determ.nin i of t he
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method comprising the steps of enabling determination of
15 the offset signal for a portion of each symbol in
synchronization with the symbol stream, and disabling
determination of the offset signal for a portion of the
symbol exclusive of said step of enabling. |
It is a further object of this invention to provide an
20 apparatus for digitizing a received signal having a
substantially constant offset signal and a symbol stream
having a predetermined baud rate modulated thereon, said
apparatus comprising a determining means for determining
the magnitude of the offset signal, and a control means for
25 enabling said determining means for a portion of each
symbol in synchronization with the symbol stream.

BRIEF DESCRIPTION OF THE DRAWINGS

30 FIG. 1 is an electrical block diagram of a data
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

35 accordance with the preferred embodiment of the present
invention.

FIGS. 3-5 are timing diagrams illustrating the
transmission format of the signaling protocol utilized in



I nventi on. FIGS. 3-5 are timng diagrans illustrating the

transm ssion format of the signaling protocol utilized in

3 accordance with the preferred enbodi nent of the present

I nvient i on. FIGS. 6 and 7 are tinming diagrans illustrating the
synchroni zation signals utilized in accor%ance with the 5 preferred

enbodi ment of the present invention. FIG 8 is an electrical block
di agram of a Q;(ﬂ]']p ti Y r-dan
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data communi C%XIFWCT'%V@H dfignads Utllsze@Sm accopdence 1wikh gghe

el ectricals bl oekseéhae aéﬁmdme%w‘r&l the p&)é@ehtomméﬁtyénl ized in the data
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receiver 16f H&eB extraction Hi®cul® utidikbawighahb ﬂéf&%élﬁhﬁﬂi‘ﬂcéﬂﬁ‘on
synchroni zation correl ati on sequence in accordance with the preferred

enbodi nent of PR iFiGvédhti on. 30 FIG 16 shows anot her
enbodi nent of the picesiwl ik an dlestrieslr @ddockndéagedmt of a 4- 1evefl G 17

circuit. | AT TR0 8 e S8 ehe sy L oMt on s

of the thresh®bld | evel extraction circuit.

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 shows another embodiment of the threshold
level extraction circuit. _

FIG. 17 shows an alternate embodiment of the threshold
level extraction circuit. '

FIG. 18 shows the timing of the synchronized operation

35 of the threshold level extraction circuit.



4 3 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS FIG 1is
an electrical block diagramof a data transm ssion system 100, such as
a paging system in 5 accordance with the preferred embodi ment of the

pr esent invention In such a data transmi ssion system 100, nessages
originating either froma phone, as in a fysten1prOV|d|ng nuneric data
transm ssion, or froma nessage entry device, such as an al phanuneric
data termnal, are g? 0 he one networ k
(PSTN) to a paging ﬁﬁ%h?%fﬁ?&ﬁf Sl aﬁﬁchpggggggggﬁn?ﬂggﬁﬁ%§$f§§or

al phanuneric message i nformation for transm ssion by one or nore

transmtters 104 FEGVIdedswhhhéneébﬁlédﬁtﬁiﬁcﬁwuﬁhdﬂdﬁldﬁ @ datatransmtters
are utilized, the transn1tte£ 104 prenﬁéably 15 _simul cast transn1t t he

message i nf of FRPFBASESCRaFEStem I ImFHAUADIR PAGIRTe SYSESE: BPocessi ng of
t he nuners c andordanabph&ﬂhnﬁhéQpréﬁerreﬂ|embdnimém1 p&gmhg ptesbnal 102,

and t he ut il i for n e,@Bss S
descri bed be?hg&ﬁggbn th éﬁ%‘ % dés{%nélre%{e%| ce‘ﬁ SYSER di agt’aﬁggga?ﬁs ’
pagi ng t eragABAting eitherelromra phanssiasy ima @Uﬁttﬁml prayidhag

transm ssi onp@hethe asﬁaaﬁﬁahmﬁéé’%d OTod NERGE & 4R bltry dé@@ce,
preferred enbodj nent of agresent i nvention. _Short nessg% such as

t one-only an8Yfi nﬁﬁlennéégﬁ WG (Hak teyminal. e 20e Foukes: EhTgushy a
TO:JChh Tare tehefbohharewﬂwmé@dtelepﬁmé hlfeltmgik mqmﬁ_ eal alﬁagihgough a
tel ephone I n [1ra n a nmanner nown I n re. onger
resenges. | EEEhEAS) 102 RELER AIRMI Wi AiRANCLAR Alefbupstifr 4
data entry dmesaegarenﬁoumaEmbmcfQﬂutqnnpmﬁp&nﬂnﬁhwabnéo2r3morehrough a
modem 206 uSLagngfly tPbrd ﬂb‘ oﬁdé/@'vhéiﬁ% dgm twaaﬁ%aitgp}

protocols. Wien a cal nmessa |s ecel ved, a contr

handl es the tranﬁinb‘é*églssn@r%fuwemﬂé%,sarg@ thsmsaditess dp4oprefserably

preferably asmnalesgﬁpﬂfsﬁsmﬁﬂcth@an@sb 8Q{draiatien Qauaaaaent which is
manuf act ur ed b%ﬂwb orola Inc. ich runs varlougﬁpre granned
&hgopEgep

routines for CEURERGFRFHGR rec%&ﬁﬁF%e%Qﬁruﬂp§ﬂ99§§PP§n§ a L6nphe to
direct the alphahtmerio tmfermdthiomassags pagﬂm@ethamdahakmpg,paﬁaocol to

the protocol utilized for the transmission of the messages

204

is described below.

20 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
messages, such as tone-only and numeric messages which can

25 be readily entered using a Touch-Tone telephone are coupled
to the paging terminal 102 through a telephone interface
202 in a manner well known in the art. Longer messages,
such as alphanumeric messages which require the use of a
data entry device are coupled to the paging terminal 102

30 through a modem 206 using any of a number of well known
modem transmission protocols. When a call to place a
message is received, a controller 204 handles the
processing of the message. The controller 204 is
preferably a microcomputer, such as an MC68000 or

35 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
caller to enter the message, or the handshaking protocol to



5 . enabl e reception of nmessages froma data entry device. When a
call is received, the controller 204 references I nformation stored in

- the subscri ber database 208 to determ ne how t he nmessage being received
is«to be 5 processed. The subscri ber data base 208 includes, but is not
limted to such information as addresses gssigned to the data

conmuni cation recei ver, nessage type associ ated with the address, and

i nformati on relaied dRddts i dife@bages ff&nd&t@aﬁa@f@ﬂlﬁﬂ-}ﬁaiéﬂrtd ecei ver,
such as active or inactive 10 for fai ?ure to A data entry

term nal 240 When a "b"rlc;v|1<§ed?e\ﬁﬁ|1(‘fﬁdcoEBFe§°PBP?¥%e’éo%ﬂ St EFTHEES and whi ch
i's used fIHfSUER BH pADTRdaineheysubpdalbay dmﬂamhéen20ﬁ)tﬁ

i nformation sfored .in the bscri ber d a nitoring
system perfor‘i?a‘?ﬁ?é“l%élq Il!‘(?of“&?ﬁfiﬁﬁ §%‘gﬂ8 %gcg?‘z?crlra | o asénl; I'ling

i nf or mati 6n. processed Thél‘@ulwblscbebeUadabasbaaeBZ% sbNhéd%es’-“%tudW

i nformation g5t o Mhate d NSRSk B@oi’ﬁlﬁﬂ?oﬂngst Qdéﬁlééses aééﬁ#’lﬁt;ﬂe descrl bed

phase t he data conmuni cation recelver assi g as wl
in further dethe |dafs (ﬁ@mmlﬂﬁélpécﬁle?@élvﬁﬁssﬁaés?ges?%?%oa"fW%t‘rPtféjt|ve

page file 21Qith tMd udiedsss ahﬁelﬁ'ﬁéiﬁﬂﬁiohnré!uétleé 86 cotigli sy thus tofe
transm ssi on phase assigned to .the data,communi Cﬁ [eceiver, IJ& t he

preferred enbodff MAt2 57° ispEden: TeCeiVRY anf G a?o%?tﬁ%ase queues ar e
provi dedion tfer aﬁ&imé&qom fthleeb210. ThAedatai entpgg@emirealzlzﬁq sis

preferably a ?"b@ei B%P a‘{d“f? I Bof i Lh8! cBHk - LE04PM 8 Ces5a I ris

al though it w Fhat “ot Fandom access menory
devi ces, suchusedkﬁaxisncﬁ<pnnpm§§5 asnebsriiyi hpdafiing apd ¢eleting of

Peri odi cal | y SRRCAGE LRI PheSp0badRedOageanale  hou phase quoucs

is recovered ron1t e actlve 210 under. coptrol of controller
204 using t|rW@E}torlﬂgﬁﬁﬁﬁﬁﬁﬂ<ﬁ¢r§9€ﬁa§§eprSnggﬂrb9b5§+%b?gt§?ﬁpclock 214,

or oyBer safdamdEidd Hpidqunge infoemaesoner ed nessage i nf or mati on
from each phase queue is sorfed er 35 gstggg or gani zed by

frame
address, nessage i MEOrFRRTTPShN atgbagﬁygﬁthgésonﬁgf 8F8n reqU|red f or
transnission,iﬁwmkmdnibn as bt oibed traoshissdéonbivateupnd hesdafe size by

frame bat €fg1{51nfé)£§c§r9lpl}f‘arse2 e H0RaPRLRRGH: ERRTBNI PELEIRES Of f OF
assigned, as will be described in further detail below.

20 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
invention, four phase queues are provided in the active

25 page file 210. The active page file 210 is preferably a
dual port, first in first out random access memory,
although it will be appreciated that other random access
memory devices, such as hard disk drives, can be utilized
as well. Periodically the message information stored in

30 each of the phase queues is recovered from the active page
file 210 under control of controller 204 using timing
information such as provided by a real time clock 214, or
other suitable timing source. The recovered message
information from each phase queue is sorted by frame number

35 and is then organized by address, message information, and
any other information required fcr transmission, and then
batched into frames based upon message size by frame
batching controller 212. The batched frame information for



6 . each phase queue is coupled to frane nessage buffers 216 whi ch
tenporarily store the batched frame information until atime for
further processing and transm ssion. Franmes are bat ched in numeric
seguence, so that while a current frame 5 is being transmtted, the next
frame to be transmtted is in the frage message buffer 216, and the
next frame thereafter is being retrieved and batched. At the

appropriate Eh@ﬁ hhgeb heh@dlgréaﬁpiaa%aaﬁaﬁb Syt e nuffertshelfsr ame
message buffer 8 'S tran ferred to the fr eqTé; enco

mai nt ai ni ng Wﬁécﬁh§§@P&E€EélY StEEe athe kAt e 85@8 éPnzggtéﬁcodes

the fidd(rj efss a timed foRsfagehepf praa%sﬁgng néed aﬂm&m&sa;ridmrresi‘a'gmesodtevmrds

required for tra ssi gn e _des . +€

addr ess and H@§§§§§?&8d8“%8Fas Sraiosrass %élﬁf 3§{q%%ocE§r§ﬁg t%%n coupl ed

to a bl ock idsebedagetrazemihietl, theimnext| frams tur dfeetaipngrditged dsde

words at a t'%?t%%rfgamf hég§g?§8%€ iP 21606 YRl IndkowWralm@ the art. The
r a i nterl eaver

i nterl eaved code wor om e 220 are t hen

serially traitbpsepdterois Prasg Rerripyederndatefith 26 04 tipl exes the

nmessage i nfog 1%eatlimb bihélba’@@ﬁéé framé NMof @A nBRiiionl sd:aatr&dShmeam by
transm ssi on

gener at or 5% IRWFCWeééﬁgﬁa EQ%%ZﬁééggﬁPﬁﬁ%?%#%%%giégbn&ﬁggﬁaﬁ

transm tlaed géncoderstast, efadachalnbabninanshe sshase dieme?25

synchronizat%%gg%g%ﬁshightlEbgg?%gﬂe“éﬁg?égnggé Hibaes t%%§%%%3ia spllcer

i nf or mati on contro seria

224, and genengdt sesshgeefinformatibonageto ad@r¢$§uﬁndumﬁ$sa§ep wprds
formatted for.gd @Q%G?%%&0Qraﬁgﬁ1551oﬁES§§961§IrEé”Héétﬁiﬁ@d %@E@MEd fhed
transmtter con roI er 226, which under the control of C%Q Ier 204
transmits §§§§@S§tPBQnW8§§?g% aPde r YORAS A& REISEED 38 Orhe

di stributison bqb@mehnaz&h@ycb&paea 26 a bloblerimfentldver 220nemvich

di stribution_,chanpel types, .suc Ll owave
dlStFIbUtIOﬂleﬁgﬁﬁ Ve%p §e§§F8£}¥t%l§§E ﬁog?r75%4|on Ilﬁ% 'ﬁé? '
distributed rersnsgdsstioaaini s manner awelkrkeown clwrdherantor e Theansnitter
stations 104, %%%ﬁd'c%ﬁeUQBE‘dEh?réﬁlzéa {@C ort l%rvleqn S lg@ The

message streanlls rst transferred into a
then serially transferred to a phase multlplexer 221, which

20 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
transmitted ét the start of each frame transmission. The

25 synchronization code is multiplexed with address and
message information under the control of controller 204 by
serial data splicer 224, and generates therefrom a message
stream which is properly formatted for transmission. The
message stream is next coupled to a transmitter controller

30 226, which under the control of controller 204 transmits
the message stream over a distribution channel 228. The
distribution channel 228 may be any of a number of well
known distribution channel types, such as wire line, an RF
or microwave distribution channel, or a satellite

35 distribution link. The distributed message stream is
transferred to one or more transmitter stations 104,
depending upon the size of the communication system. The
message stream is first transferred into a dual port buffer



7 i 230 which tenporarily stores the nessage streamoprior to

transm ssion. At an appropriate tinme determ ned by tim:-ng and control
circuit 232, the nessage streamis recovered fromthe dual port buffer
230 and coupled to the input of 5 preferably a 4-1evel FSK nodul ator 234.
The nodul at ed nmessage streamis then %Supl ed to the transmtter 236 for
transm ssion via antenna 238. 3, 4 and 5 are timng di agrans

n 0 accor dRlcHmem, CERBOE BT %%5%%% obhe s et g 00k 1 260
invention. AtrshewisisiolG A8, anhappropriateg ping slaflermineshdy &dmidgsage
transm ssionahg ABh EIMBYRLGEL 982, thé RESIRIS s Elldh AB RURRreasS] gned

to one or nore o

are | abel ed frane hr ough frane
127. 1t 15 €rem ®hel dyalapprécPaftartpip ameé GRYRLRd rﬂﬂnﬁﬁe

provided st libh:@fbb}ﬁb&ygaahl-mavélomxomo@@nab@r Al ertiy modullated t han
descri bed above. The greater t

|
the battery MeF&3LBRaft M &S Qﬁeﬁr%@?@%ﬁét}?tme ai{lg%lr%nl?n?%gtalt %ﬁngreater

recei vers operahsmgs3donwtihi anteenay238@m The fewer the nunber of franes

utilized, the nore. offen mgssages ggg nggﬂguggaéngl?t | cuﬂgﬂﬁm &y tad he

data comuni cati ol Te€ceiVers assi thereby
reduci ng thetlransmsssmn fommat ofrthei $W@@%IHW°‘?@S§&'@@S‘ As

shown ' céoerBﬁcEr %’I%ﬁ €BPptELePred efyBEiHdt Zo¢ ite GrésdntynC)
foll owe pre erably el even bl ocks of nessage | formatlon \ﬁgl ch are

| abel ed b|ocRnUenthPhroé&hSBPUEklﬁoFlﬁs 3hothpe | FHE ck of
message i nfoefables GedBagectrahshesabby eog&ﬁtad@hsmmldiﬁ:lamnt rol or data

d d mh h | abel ed hr
Consequent | y TeERiResRacquch a5 parert Saffanea 8 dnd SomAR BAANE. |
ei ghty- ei ght faddesswhich acenflabeleddfdame ¢othkrewghisirame 1&¥dredd control
and falars - chage Handpen gp%‘éig’ﬁé@ | ¥n2h 2o BLEL CRHGURNAES o FaRsdS

added thiTty-second éven provi des an extra bit of
di stance to P¥ovided mlﬁeﬂ'-hel gigpaling Pro"'—%%¥ RAmtRY TuRAtSH KT code

words, such 3gsa 4Rhal? derlc?ibed ab8d8. WTHe C@Hésde thé Ihuaseraofel | .
Unlike the well known
frames utilized, the greater the battery life that may be
provided to the data communication receivers operating
20 within the system. The fewer the number of frames
utilized, the more often messages can be queued and

delivered to the data communication receivers assigned to

any particular frame, thereby reducing the latency, or time
required to deliver messages.

25 As shown in FIG. 4, the frames comprise a
synchronization code (sync) followed preferably by eleven
blocks of message information which are labeled block 0
through block 10. As shown in FIG. 5. each block of
message information comprises preferably eight address,

30 control or data code words which are labeled word 0 through
word 7 for each phase. Consequently, each phase in a frame
allows the transmission of up to eighty-eight address,
control and data code words. The address, control and data
code words are pfeferably 31,21 BCH code words with an

35 added thirty-second even parity bit which provides an extra
bit of distance to the code word set. It will be
appreciated that other code words, such as a 23,12 Golay
code word could be utilized as well. Unlike the well known



8 4 POCSAG si gnal i ng protocol which provides address and data code
wor ds ‘which utilize the first code word bit to define t he code word
type, as either address or data, no such distinction is provided for
thé address and data code words 5 in the signaling protocol utilized with
the preferred enbodi nent of the presgnt invention. Rather, address and
data code words are defined by their position within the i ndi vi dual

frames. '&?na‘lilﬁg deo@BSoi' h08n d%\ﬂf‘z?ﬁﬁﬁ 'Aci&isetsfsa% kg 10

synchronlzatlon code I N "accor dance erre
enbodi nent ofcodke Werdsehirhvehiibae the flr%%r@¢@§ﬂ%ﬂrdzh;tsﬁ@mﬁafnnﬁlG. 6,

t he ﬁynChr 0?'t¥1@t cBAeC¥dd typEPNREI éﬁ?h@f eé&d?@éé{ (%f‘rcf@cdjgrrfos 1su(;|%h]z:c ;Z';TE
synchr oni zat i gn a_franme information code wor
i nfo) 15 anél§t§€85ﬁ8ns§% éFBﬂF%ﬁ? BT cbae Té@%ﬁ?%nan d gataGadle words g

7, the fi%st iaynher sdgnaling pndeOc@npmtSESZédrwﬁtﬁnuhe preifieirrédporti ons,
| abel ed bit 1 j ternat atterns
%%B%d%m gﬂ@ gg?ntc:ﬁr %EQS%E@ lnver?{lon (f rf ou%d% porfalngns

whi ch provi des I'Za and secon
| abel ed 20 Yataagedet yordaphreedef ivedaby thm]crpqmmmod:ewrlrtémm the

synchroni zat 58Riv1R8a3€¢eAMeand fourth portions are preferably single
32,21 BCH code words which are predefined to provide high code word
correlation reliabiCeryé aRd 7 argniéRing «did$vAns okl Yustuating dhehe data

bit ratelgt %fynehraﬂlzadﬁlbﬁséﬁéea@ﬁilﬂ:ﬁﬁé@% AsSordafThiiit®d theThe table

bel ow defln s.th a.bit rates which are used in COﬂJUﬂCtIOﬂ wth
the signalin§* 5?8 glemgodlmené of *the''p Bgephpvention. o 1oy ye 30

1600 bps parAhcahdrAlabashown in FIG. 6, 3OGhphronizatAdnaeddd?2 bar

6400 bps A gﬁgé%i?%gtﬁge?gﬁ?%l%.three artsti% f%?%ﬂ“%}nchrAﬁlg AA bar

35 bove ree tesare
predef i ned f 6PdgddFEBS dhd ﬂEﬁE@@E&xnﬁﬂﬁmﬂtxnnncodﬁtﬂﬂm@gﬂframelunﬁpbl be

appreci at®d hhat a"Be8oRH LPsShAdh fediiok dsse CAYnc 2)0 RedgbiAednas well,

dependi ng upgn th9 SXﬁe g}rst synchronization code comprises first and
third portions, labeled bit sync 1 and BS1, which are
alternating 1,0 bit patterns which provides bit
synchronization, and second and fourth portions, labeled

20 "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
to provide high code word correlation reliability, and
which are also used to indicate the data bit rate at which

25 addresses and messages are transmitted. The table below
defines the data bit rates which are used in conjunctlon
with the signaling protocol.

Bit Rate ZA" Value

30 1600 bps Al and Al bar
3200 bps A2 and A2 bar
6400 bps A3 and A3 bar
Not defined A4 and A4 bar
35 As shown in the table above, three data bit rates are

predefined for address and message transmission, although
it will be appreciated that more or less data bit rates can

be predefined as well, depending upon the system



9 . requirenments. A fourth "A" value is also predefined for future
use. The frame information code word is preferably a single
32,21 BCH code word which includes within the data portion 5 a
predet er mi ned nunber of bits reserved to identify the frame nunber,
such as 7 bits encoded to define frame nunper 0 to franme nunber 127.
The structure of the second synchroni zation code is preferably simlar

~to that of theebdislnd¥Behr ol gablan 40 £l desEhihed aBaYEncq RYEVET

unlike the firs synchroni zati on code Ich 1s preferably transmtted
at a fi xefUHREFR 4$fbol rate, such as 1600 bps (bits per second),

the second synchr ofhéaFiaile CPflfoifat iciIStBdd bl #hprdFerably ayghagleate
at which the gd% ss and gessa S 43 to he 15 tr nsn1h;e§ I n an¥ glven
frane. Oonse%1 efit | §CE frdR e whic S, Wt 58E GRFBWECE hECRat a
comuni catsi onar predeeeérmined miber B bits' dederaed ftoaddeayhehr thezati on
at the frane r . SSi I ts te. I U??QE
si gnal i ng prof%%%% u§&|ﬁlg%§’ed§)l\?\?l?%‘{$h—}ej bjésagﬁae%ogrerde Oe%g P%en o% %{i::gber
present inven@ibtn foapeimwsbargl27. franmes which include a predeterm ned
synchroni zation co |, PAVESlE I 9 logh Egse

Pfe strf\el(:)uf b&he?(%é’fde hg?é@&glex%r pi]sza‘fﬂ'oﬁ_rﬁgagp

ei ght address, control or messaqqe J ase. 1 )
synchr oni zat | BFeE@uRb LY apimilay dit ithataQlofhs GiFstysyachsonigdhiéAfssi on

rate, andgi nsgo@e G¥SEHiNEd Z@dwr. D¥dwWRsr <8t ainlikeC @HBUFigaLI ON recei ver
with the data code words tranigitt d . at t V%ﬁ]°¥§ tram%g1 Slﬁn rates.
FIG 8 is an STRCEFOREFTHIONICqHE RS RF HETaDLY CEaRSIMELST: Bh @

recei ver 106 fixedcdatdansynbel lrattee mueflerased 630 bpsbdihitsnpenf sebengdy esent
i nvention. T, h f ﬁEthH s - C i ' LWerL +1 [
controller 81€§eWﬁ?%%n€ss§_ pyé?%?gb1§ | mp é%gk?%%sﬁgﬁﬁgﬁaétwggﬁFé%gﬁCI

m cr oconput er SYmbol sxz¥e aat mamghdhe eddreshandomesspges #he hPcPeconput er

control | a5, herghdid t€&d Coh | adyh&yicR fHanf. 8Ednsed@entesy, 3eheaBdchh@cesses

i nputs froma nunber of peripheral circuits, as showvn in FIG 8, and
control s the SHRFEFPRIZaRPD code,ddloms (fh’eofiattﬁe BRUBRERELOB| FRER1¥SXisi ng
sof tware sobslotd i mest idde bite apid £ rane eyahitonizacibhohtethéoframe 10

transmission data bit rate.
In summary the signaling protocol utilized with the
20 preferred embodiment of the present invention comprises 128
frames which include a predetermined synchronization code
followed by eleven data blocks which comprise eight
address, control or message code words per phase. The
synchronization code enables identification of the data
25 transmission rate, and insures synchronization by the data
communication receiver with the data code words transmitted
at the various transmission rates.
FIG. 8 is an electrical block diagram of the data
communication receiver 106 in accordance with the preferred
30 embodiment of the present invention. The heart of the data
communication receiver 106 is a controller 816, which is
preferably implemented using an MC68HCO05HC1ll microcomputer,
such as manufactured by Motorola, Inc. The microcomputer
controller, hereinafter call the controller 816, receives
35 and processes inputs from a number of peripheral circuits,
as shown in FIG. 8, and controls the operation and
interaction of the peripheral circuits using software
subroutines. The use of a microcomputer controller for



precessi ng and control functions is well known to one of i

skill in the art. The data communi cati on receiver o

of recei ving address, control and nessage infornmation,

catl ed "data" which is nodul ated using preferably 2- Iev

frequency nodul ati on techni ques. The fgansmtted data is |ntercepted by '
an antenna 802 which couples to the input of a receiver portion 804.

Recei ver pPeEkaR n804 nar e6RES6S EbSct 8608 VES! vaﬁtla Koidwa et wel | 10
known in the art, providing t he out put an anal og 4-1evel recovered
data signal, OHQFQSFYeFk&&ﬂIéB Eh?e%B%ered dat a signal. The recovered
data signal is couplecdatta %&tmhﬁﬂuhtlon ﬁéc@,ﬁrélf esi®| ik |eMriblexigfact i on

circuit 808, and.to_an i_nput oL vel decoder 810t 15 The
threshol d | eTSFE&YEPIcEASRERr cBPP ?% gi§sage IfRIMat3S8 by referring
to FIG &R ahetrasf$lamwna¢daﬁqir fdaeta" whicl i3 oukduldtmdelusdeige pirefecabdyit s

902, 904 whi sh t t ect
i g 1@,&& aad 4- 1b@8¥ fr&?@ ﬁ%ﬁﬂ&%ﬁprow ggelsexelrﬁxge ect or

902 detects sl gna ue a a
peak threshoFHa§F§h§Feﬂhﬂéﬁalésp%% ¢epied BYD aheantemme 892 whigdak signal

anpl i tude vakgaplwBi k8 kavehnggtest o Sdeiver dRiAGIh lgta .valRe@kigegnal
anpl i tude val ue and a vaIIe nal which i

362VIdeS I hr d
propor t i onal SEGELAB BEPgﬁfﬁﬁsVE??eve b é%ﬁﬁl%ﬂj mAOngE e
recover €d 25kndwhaini ghel artThproehdingicat ou:hearuimymf ain anadbgt Be 1|e®ﬂé€l:|

detectors 902eaR0e908 AhEakBRMAa10 AROSE AN LV hibprea Bhkaand vl

be briefly descri nres se t From Sel€ct or
914, the peaRigaadet owheozecove:peduwa:eﬁignaslamm espuprl@dr &oeioned inpyhal

(recovered dggay Sﬁreéﬁoﬂénfé@éf SREPA S SR Aifl& %@fé CQ’EBart%Sahhe sanpl ed
magni tude to,a digital g stored_maxi mum rmagni tude. |f sanpl ed
n

magni t ude |51§P35t8f fhanlerel ndseedrr riddhi t ude, the maxi num magni t ude

i's eﬂuatjlfsi L 0 themennheesnagal 18981 extradicd Fiatbuit Mogarlsy belst response
to the cloc SI

fro sel ect or et ector 904
peri odi cal | y*Bd ﬁﬂﬁa BY{ g ?55%?%éﬂ°3%5%al’(FﬁgtfgyggoﬁgtSPmPalﬁgﬁerate
sanpl ed nmagntwadelankedohpuedsdéetecsanpdiacmiagniXO2je 904 swhich Haget akl y
stored m ni i ARGNERUdRechietds SR hnal. Level detector 902

detects the peak signal amplitude value and provides a high

20 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 which is proportional to the
detected valley signal amplitude value of the recovered

25 data signal. The construction and operation of the level
detectors 902 and 904 are known to those familiar with the
art and will be briefly described. 1In response to the
clock signal from selector 914, the peak detector 902
periodically samples the received signal (recovered data)

30 to generate sampled magnitude and compares the sampled
magnitude to a digitally stored maximum magnitude. If the
sampled magnitude is greater than the maximum magnitude,
the maximum magnitude is equated to the sampled magnitude
and stored. Similarly, in response to the clock signal

35 from selector 914, the valley detector 904 periodically
samples the received signal (reccvered data) to generate
sampled magnitude and compares the sampled magnitude to a
digitally stored minimum magnitude. If the sampled



magni tude is | ess than the m ni num magni tude, the m ni num magni tude is
equated to the sanpl ed nmagni tude and stored. The signal outputs of
detectors 902, 904 are coupled to termnals of resistors 906, 912,
respectively. The 5 opposite resistor termnals 906, 912 provide the high
threshol d output signal (H), and the | ow4hreshold output signal (Lo),
respectively. The opposite resistor termnals 906, 912 are al so coupled

to term nal Smagn&%aaat 9551898, than €49 mi&ﬁ&i‘xﬁtm c_ﬁ'h'ytudeThQ:HéOHﬁ%'lﬁﬁm
resi stor 908 termnals _are coupled to er to forma resistive

di vi der mgeﬁtﬁﬂsvﬂaegqaﬁtaéemgﬁh% m@w ag Gnd S(tﬁar&;i
whi ch is proporti an stlgnhheo&\:gnageofaaaeeetomeemzpogm etre coud!

signal. Resigtors_906,.912 _have, r SISt referably f 1R whil e
ool stors o0ge 5esmReLs, 88 tniosrs Deedtfe sty e 17 ng

t hr eshol b oubpposditgnaesistovarerminild 7946 EO%NEI‘CS&%e amb \hh.lgcbh are
utilized to thre‘éﬂ@%eo%ﬁﬁﬁ' QQ ﬁQf ﬁai?v%n&gﬁﬁ Si&'r’"’é o But

descri bed bel ow. s 1niti applle to t e recei ver
20 portion, S&gngkeflPhe G&FHeé hﬁ%%YcatT PRRIS IS yesiston termipgdged

on, a clock bake sebegaker aﬂéé eéupléaetotﬂéﬁwgkhﬁs of reyilgtrs BREt, (center
sanple) to S§&§Ct a 128X cI quency

a fr
equi val ent t 28rFFR§§tFH§ t?%wﬁngﬁgk%.¥ﬁ§1§ %3 %hs descri bed
above isld60@e?minbps. arEheoﬁﬁBé’dct@gdxther gem ef catne ch tx;esh&')iwd ddkridemer at or

844, as sho o ont | ed
oscil | at or g%éég h ?dﬁggéﬁ ﬁ*ér% gﬁég% §otu 6&@3#? sﬁﬂpaﬁtqg$%5he 128X
cl ock generawbﬁcb4iscymppesttgnah to th@pmvexﬁg¢r¥ﬁﬁnﬁugﬁ(ﬁhﬁ aecogegedghi ch

di vides the aa%auglgﬁalfreﬁagmsﬁom 4, t@lﬂ%@tf‘eﬁ% Q)a%‘ésat 102. 4
KHz . Ret urni n 12 cl ock all ows l evel detectors

902, 904 to E§9§8ﬁﬁ8%’u§lfy15et85%1¢nr%5¥%?‘§/r%h?ﬂqr 910 Mweoae@rl% t he
peak ancryal Ivﬁluélsgbﬁéféﬁ‘abl§udﬂ R Uﬁ§a1121n@1rtﬁhﬁélsﬂdl@f es‘uﬂp@tg@igmtle t he

| ow (Lo), averige ﬁgiggnd Cgﬂég€34¢¢%%$hres oId out ﬁﬁ %§§E$an?gues

required forV Fon>
achi eved w t enabdesygacbdongzaheob-eyehl dates s\ic_.‘ma]k:e as widdsbe bed bel ow,

the control | gL 816,48NEL2LES a second
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 Dbps. 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 asyﬁchronously 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 symbcl synchronization is
achieved with the synchronization signal, as will be
described below, the controller 816 generates a second



12- control signal (Center Sanple) to enable selection of a 1X

synbol clock which is generated by synbol synchroni zer 812 as shown in
FIG 8. FIG 16 shows anot her enbodi nent of threshold level 5
extraction circuit 808. In this enbodinent, the 128X and 1X synbol
clocks are replaced with a free running oscillator 1610. Preferably,
free running oscillator has a cl ock speed which allows both_peak and

vall ey det ecteint 392 signa qnqc%% n%g BRPYLS etah@néﬁf&%élé&ﬂaﬁ%@&d @l ey

of the 10 data_in one’or free running clock 1610
coul d be t he S¥CdmeAOocHh H‘lEQBXchSEﬁra‘Fﬁ‘é REnsBRbQ, fynehronizers 8d2at ed
such that thesostiownatior FI@J.OBI s conti nuously gated to the peak and

val | ey detectors i en1to det er he_t IeveI for
each entire synboﬁﬂggri 9 S| RRPTRETS ?ﬂ@ﬂa%ﬂ?E t?bn qﬁ&ﬁ%ﬁéﬁ

Thereafte? tlexthastion cﬁunnuﬁgBOBC|IIatbhiSse@bmdmmégtxﬂthd<IQQXEemmW 1614
such t hat tra myﬁ n b center
of each synboxt%%%l lk% 5%9 §ﬁ§%§]§é§dw?{;€rng{it r#)"MHi n@ﬁlt of the

t hreshol d 20 oscéJdaten A4d0i-onPepfennblBosireqnennningn wacidilagtorahasi 210

opens over adieesk Reladwdfichi anoﬁe%étﬁrpézlzoa@@dvauefw@dt%sl*g%a
operate to averaag the synbqgl | evel because RC time constant is

subst anti al | #P% af’ﬁh‘ér?h’&ﬁeares?eg'ﬁhﬁ%lPeqaﬁea%ﬂ/éfaéd@x/&ft &€ on
capaci tOI(l) |1723&1-Jas ;ﬁ?on@gm&mgbyﬁolbe tﬁdglfréélrﬁamlrd; cdl\Haild a6l s net hod
i's we SUI or_.hin at S ted t

mul ti-Ievel apebﬁheFF f?eaﬁé8n§ﬂgggsg éﬁ? £ cenﬁﬁﬁriﬁTR&F
generating th@ ceeraked Such thatshbédes¢ibhatone 1610amemam¢mpuqﬁleThls
met hod of ge%rt%hl %9) e p@gﬂ Qha) v§91e%h&§“l§gc%<g§s @Yaﬂfrgl'ﬁgd 5 or G

I ncor por at ed actiron circuits

16. By a@@tﬁgménes trber %Freﬁbobﬁi edevel nfer each tenrfeisrel mymbadd during

froLn Ej hemverlwualaHb)yn@moﬁL@htibﬁesbgﬁﬂﬁﬂfdn bedTheﬁaﬁﬂaféidtt%dl £r@e this
met hod, synmetrical corryption peak and valle vel s does not
corrupt the (I'HP)“l&QdOFE&;iRatort ﬁ?egﬂ’é? I?Y cfoeik sekgqio 1%{815 e tining
of the synchrthaitz étheodatat may onlyobetQamphaddbdhs&dnﬁmdhﬁyﬂmnomhe rcuit

808. Eye Pat tehRer of each symbol.
FIG. 17 shows an alternate embodiment of the threshold

20 level extraction circuit 808. When transmission gate 1710
opens over a long period of time, resistor 1720 and
capacitor 1722 operate to average the symbol level because
the RC time constant is substantially longer in time than a
symbol. The average voltage on capacitor 1722 is

25 equivalent to the (Avg) threshold. While this method is
well suited for binary data, it may also be adapted to
multi-level modulation. FIG. 17 also shows an alternate
method of generating the (Hi) and (Lo) thresholds from the
average (Avg). This method of generating (Hi) and (Lo)

30 thresholds may alternately be incorporated into the
threshold extraction circuits of FIG. 9 or FIG. 16. By
adding or subtracting predetermined voltages 1730 and 1740
from the average, (Hi) and (Lo) thresholds may be
reproduced. By this method, symmetrical corruption of the

35 peak and valley levels does not corrupt the (Hi) and (Lo)
thresholds.

FIG. 18 shows the timing of the synchronized operation
of threshold level extraction circuit 808. Eye pattern



13. 1810 is an idealize representation of a four |evel synbol. It
consists of a substantially constant DC of fset voltage (not shown) and
synbol stream having a predeterm ned baud rate. Shaded areas 1820 and
1880 represent the transition 5 regions between the synbols. Note that in
t he non-shaded areas, the levels within the synbol are relatively
clearly defined and represent the center of the synbol. Spikes may

exceed the mpiEuRaRE Eaéawaelfgﬁfésé@ea@m@ &baai%lﬁr aavel sih®o1.
transition area. This is particul arl éltrue in 10 simulcast situations

where the syﬁﬁoF°P§&ﬁ§FtPSn§ prbatanklally (¢opsiAnt HC f fsstevpddagst er

that the symgelott rsmsmlt)l and symbbl Oﬁtﬁémﬁnb. hﬁvirﬁ;ﬁrﬁﬁ priddterilined @Euuﬂg t he

transition i nter nolr se (0] t the tra iti.ons Q t he

signal in th&AE t o ShRgEdcarERr Kha2d,and (8 d0 rePTRSATN HHs: ERRSHEIORy m

| evel s of 5t heegjensabetwren Thessymyolis satﬂdms;; thet in the exmolstiadedel

acqui si ti 0” ':Fea%g Lhe &%Qaiﬁt%%hiﬁ“ gfmth i’%‘%egaetrl 'éie%%& shol ds
em on

are nore y 10 occur ena uring e substantia
center of ea@l‘f—flneds?ﬁﬂolfeméﬁénér?@%e‘é%ist@hr%%tﬁﬁ@ﬂ#@ﬂ -es $PLkRE| payo 20

occur), threghebkdd ewnel iniE.ihaﬁt aﬁ@ méxixﬁmﬁoy@@lals shown i ighRab@4@rehows
the center sanple S|gnal of after synchroni zati on

and
has occurr ed “PSuFFAGSEEHRPR ar?ﬂter%%}% H%4E9r2%ﬁﬂﬁqqﬁ¥ dFYhdMdata i s
di sabl ed10 Dursumnglcasthsghuaﬂiensadzlseﬁéﬁﬂ;e Seyitho Nt tam sinElinesd £frAht ehe25

Synohr ont zat 0 BEAU § 80 DN YRl QYOO oD Sbdbor £ BMTREL cglLOCK

1860, generat tTansi sync Foni zed
subst anti al | frem anetbent éra0$mltteEac Rksebouring dthealtre@sd tiionpr ef er abl y

symret ri cal nthrval, ' A8PEEImsP CoPRId PIH AR Arddla ¥y BOkngl ook, The

30 duration may be varied_in tertain appllcatlons and 1S preferably
25% of a synfdPnalnip EheolF ke REPHIGe sp1 kes g¥aaesing, thee Md8APER 6F the

synbol . 1% FinxihGm mukréwlef the Coife G5a ot kK. pemkxén}ndayvallsamdm;eehers 902
and 904 durln ta %lall t he, ce(%er of t.he.s t g _115 t he
28 Sver agl nitizpsholdotad iy W S Grett oo bty
center.of thewﬁywbobrroneous thfeshmldsmprg)ﬂana 18 ketllye t6 loecalr)deodder 810
operation  o,h$1BESt +HAHCLS1 Q08 Wnd &L Td b Ldhtia® cHhteS oFNQURy the

symbol (where erroneous thresholds are less likely to

20 occur), threshold level extraction is improved.
Line 1840 shows the center sample signal of FIG.s 9,
16, and 17, after synchronization has occurred. During low
intervals 1845, sampling of the data is disabled. During
high intervals 1850, sampling is enabled. After
25 synchronization is acquired by symbol sync 812, the 1X
symbol clock 1860, generated by symbol sync 812, has a
transition 1865 synchronized substantially to the center of
each symbol. Interval 1850 is preferably symmetrical with
respect to transition 1865 of the 1X symbol clock. The
30 duration may be varied in certain applications, and is
preferably 25% of a symbol. In FIG. 9, one sample is
enabled in the center of the symbol. 1In FIG. 16, multiple
cycles clock peak and valley detectors 902 and 904 during
substantially the center of the symbol. 1In FIG. 17, the
35 averaging of R 1720 and C 1722 only occurs in the
substantial center of the symbol.
Returning to FIG. 8, the 4-level decoder 810 operation
is best understood by referring to FIG. 10. As shown, the



14.. 4-1 evel decoder 810 conprises three voltage conparators 1010,
1020, 1030 and a synbol decoder 1040. The recovered data signal couples
to an.input of the three conparators 1010, 1020, 1030. The high
theeshol d output signal (H) 5 couples to the second input of conparator
1010, the average t hreshol d out put sigpal (Avg) couples to the second

I nput of conparator 1020, and the | ow threshol d output signal (Lo)
couples to thg s Nnds | 11 CQ) Cr t he

t hree conpara olreé e%ogdoé,&qluzo%flfo%%ﬂ ggg% g:g%%% J?%t%?% <£(gé‘yﬂl['Félit/Errat?‘)%cijz:s&lecoder
1040. The syxbdl, ddberlBU@nd a éwgaésdﬁﬁ@dﬁﬁph&o accorli IRFYTeRSh

tabl e provi deghfiel H¥nal couples to an input of thdhtRB86!cbomparators
Surpul 13010, 10391030, The Wgh thresRold oulBl, SRBAT (miy
RCGn > 5 ouplles to the second Répat<of cBfiparator RIL®, >the average 1
RCin > RC n > in.> . 2 | | e
above, when t%?s&%@r%'ﬁtpd‘la é‘;lg%alsi(g‘r‘{gl) %&&P%?SI éélggg%%énh%rfné ree
t hreshol d vale®songarator sy0@tol agénshet ddwi shgeshebs eutput Spignag)
Thereafter, a f hieshe! 8fvabhgaratosxcesded, Tive
Pf‘s?/’nb%‘?‘?‘?%é) td thd Fend i6ple] BryBbkEaraEo

di fferent 1‘_%anerate ? as shown in_the e fgg%e. 25
The MBB out plRUERWEF (9 the dihgiee) copparageys 4048y ptBd0- SRR HH U of
the synbeb syiwhienigers PEbdyded deaoa Ther egmiol ededader i hpai

db ' I A ' ' - dd
rgnal. Tho dEoiRs (the S GeoORE PR UOERE GaBLe: RETY Peh LR tho

30 two positive deviation excursions of the anal og 4-1evel recovered
data signal above the average thrfﬁpgggoggtput si gp@atpugnd the negative
| evel represents the two negative evi ation excursions _of the anal og

4-1evel recovered data Hisjgnal bBY®w the a¥€rage t MSBsh&SE out put
signal. 3% The oprcafien of Rthg synboRCgynehroni per 802 is best
under st ood by referrlng§§o ELG. 1&83Thg_64XReLoc§ at 192.4 4 KHz whi ch

i s generated by frequentyiBiVider B, "i s coupPed to an input of a 32X
rate selector 1120. ThBC3gX<rateRCip > RCijn > 1 1
RCip > RCip > RCin > 1 0
20 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.

25 ‘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 data input represents the

30 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
deviation excursions of the analog 4-level recovered data
signal below the average threshold output signal.

35 The operation of the symbol synchronizer 812 is best
understood by referring to FIG. 11. The 64X clock at 102.4
KHz which is generated by frequency divider 846, is coupled
to an input of a 32X rate selector 1120. The 32X rate



15. selector 1120 is preferably a divider which provides sel ective
division by 1 or 2 to generate a sanple clock which is thirty-two tines
the synbol transm ssion rate. A control signal (1600/3200) is coupled
to.a second input of 5 the 32X rate selector 1120, and is used to sel ect

t he sanple clock rate for synbol transm ssion rates of 1600 and

3200 synbol s per second. The sel ected san%?e clock is coupled to an

i nput of 32X data oversanpl er the re V.8 ed data
signal (MSB) SR1§FFE ik i pffkﬁrmgiﬁe? %%g{g@ ‘?ﬁje CR\RED és/agrrpl es are
coupled to arselectmtd:ozflsa,diﬁm ddge detecgenetd B mmb%r@rmks an
out put pul se e {?%% i's aal so
coupled to anvl(? %ﬂfi%fmc%‘xe/q%% ém%gl gg gﬂ%??cﬁ?@%ﬁ SSW‘l 'S ut| lized
to generate 1OOIameZ>Slsmﬁiol(1@0afl3@@Bé ignehuphedetiotd $eRORAIRRNePdat a
signal . The th% %?l%é)kéh@c%%rc'lﬁ.@@&t aﬂié‘@s' ﬁs@ﬂe{@ré’@ié’c@rtw/ down

a

counter. V\hen t

ta edge detector etects %ﬂ)rraé’%
pul se i s genciRRER EQIK (2 teatfad SYTRRD §5PBST&§61°n r%‘.%% et
count of divisro®ysykads CpéIClQécohlﬂO The Eémedtéénéduypla glbde iss

gener ated by the dat a_ edge det r I qupi to an
i nput of the € ]cﬁ‘i/%%%& Ags 9 f?ég %"_MBV mef%{i ff} Se coc%gl ed to
the input of gudipiyes ectied Sanveness dashoségnhd gHﬁEDa@tohhiblrtY twa count of

thirty-tyg by he &div / 32 1le" & 14Qmprast fge ot ppiedonsrat ed by
AND gat e 115 %lses E%%e ount _‘of e o% p S32 %I rcﬁ% 1140 to be

advanced by m@%‘blmﬁ 3 fata Q@p&%@cﬂ:@rt Hé3BuW§éc%$l%ﬂe¥%t%Lﬁﬂ ed to the
i nput of %/%@@ P/ vdrert id Gynbollédgkr 98 Batedaéa. edpite imsl®r

1130, and when uI se coupl the i,n of. AN e arrives
after the gerfelegk eleé# %Pniapt “E%%r of aj l?ﬁé d?’(/ljtlj%;%/ 16/ 32
circuit 1140, cif@uimﬂlnﬂogﬂﬂﬁﬂﬁhﬂdutlllhﬁdANB geherdt&01X aarsd s2X heymimint of
di vi de- by-16/ Glr b e esponse to
the - HG s hren TR ERY S 588 FSkBVERdy 4R g EOREE G SPON
1140 from t heditatdeddue- b53{3e2:t<1:1rr011];30 1lt4IQeﬂ-§byreferéhb]6I Mguw@wn

synohroni 2t | gudfed e e e e BBl CliQEkBLor, 1980 LbEot oAb 2

signal. The s clo rates enérated are best understood f{ og‘athe
t abl e bel ow, edge, a pulse is generated which is gated by AND gate 11

with the current count of divide-by-16/32 circuit 1140.

20 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
a count of thirty-two by the divide-by-16/32 circuit 1140,

25 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 the data edge detector
1130, and when the pulse coupled to the input of AND gate

30 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
circuit 1140 to be retarded by one count in response to the
pulse which is coupled to the input of divide-by-16/32

35 circuit 1140 from the data edge detector 1130, thereby
enabling the synchronization of the 1X and 2X symbol clocks
with the recovered data signal. The symbol clock rates
generated are best understood from the table below.




- 16- | nput Cont r ol Rat e Rat e 2X 1X Cl ock
| nput Sel ector Sel ector Synbol Synbol -

Di vi de Qut put Cl ock Clock 5 (Relative) (SPS) Ratio

(BPS) = (BPS) 64X 1600 by 2 32X 3200 .

1600 64X 3200 by 1 64X 6400 3200 10

As shown in the table above, the 1X and %6 synbol cl ocks are generated
1600, 3200 and 6400 bits per second and are synchronized with the
recovered data signal. The 4-1evel binary converter 814 is best

under st ood byInput ref er@omigrel FlI GRate The 1Ra%§nbol cP¥ck is é8upled to a
15 first cl qelpdwput . Oflﬁﬁa&tl_OCk éé‘ié’cé@% eCéé’Ieé@le sﬁn&%(l syudpl ¢l ock
c

al so couples to a second ock input of clock rate selector 1210.
The synbol output signals (MSB, Dl‘PSB? ar eo‘éBEn‘b‘Fed €&oFhput SCHPCRN i nput

data sel est or(Hed3tive) ¢SmBpl ector ma@iwl (2L/4L) is ¢ppphed tpBpsgpel ector
I nput of 20 the cl ock rate selector 1210 and the selector_input_ of the

i nput data selector 1230, and provides control of the conversi on of the
synbol out puté64i gnal s asledd her 2-|lwe2 FSK2Xlat a, 32004-| evell6P8K dat a.

When the 2-1 eé’tﬁi FSK da\tl\gﬂ)?1 convegflfn (2L) Egxsel eg%g@ only3bb MSB
Ich i

output is 25 selected s coupted to the 1 nput paral | el
serial converter 1220. The 1X clock input is selected by cl ock rate

sel ector 13210 whi ik I &Sdnd sm Rtife Sﬂa'iﬁjeea%e, thBi IR ¥ndabR Symwam to be
generated at the output of the %arall S |. converter 122% When
Bo sBackdfl v

the 4-1evel FERHEF kg SPERARS 3800412 b5t Pehese¥ M And VB
outputs are sei®cmsd mmwﬁsmmhhdthe Trbeovepacﬂsda)f_atéﬁagnal. parallel to

serial converter 2re4sT?%ve2f(bmoa%l§ [ rc':%'ﬁ'rert% f‘) ?Leﬁggg Y d Q&FO&% ‘o

sel ector 1210 whic ser strea
be generated mf@tlﬂm%Flﬂlnﬁ@ r &he, ansmbot plovk dbel mumlﬁ,ddmmlt of

the ?r al ¢ lsd 8:1%3]& %.n Y)Efr 2e61L8%0rate select&RILENH NG A 021 G 8,

the serial binary data st enerated by the 4-lTevel to binary
converter 818YmPQl ik also couples to a second clock input of the

clock rate selector 1210. The symbol output signals (MSB,
LSB) are coupled to inputs of an input data selector 1230.
A selector signal (2L/4L) is coupled to a selector input of

20 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
FSK data, or 4-level FSK data. When the 2-level FSK data
conversion (2L) is selected, only the MSB output is

25 selected which is coupled to the input of a parallel to
serial converter 1220. The 1X clock input is selected by
clock rate selector 1210 which results in a single bit
binary data stream to be'generated at the output of the
parallel to serial converter 1220. When the 4-level FSK

30 data conversion (4L) is selected, both the LSB and MSB
outputs are selected which are coupled to the inputs of the
parallel to serial converter 1220. The 2X clock input is
selected by clock rate selector 1210 which results in a
serial two bit binary data stream to be generated at 2X the

35 symbol rate, which is provided at the output of the
parallel to serial cbnverter 1220.

Returning to FIG. 8, the serial binary data stream

generated by the 4-level to binary converter 814 is coupled



17- to inputs of a synchronization word correlator 818 and a

denul ti pl exer 820. The synchroni zation word correlator is best
understood with reference to FI.G 13. Predeterm ned "A" word

synchroni zation patterns are recovered by the 5 controller 816 froma code
menory 822 and are coupled to an "A" rd correlator 1310. \Wen the
synchroni zation pattern recei ved matc es one of the predeterm ned "A"
wor d sync%g t n e o818 Qn error,
an "A" or " a%%ﬁ O&pﬁ réglr?ceadtﬂe %I ;ﬁ%guebﬁgéﬁ%ﬂ@{() cont rdol | er 816.

i's
The parti cul aﬁlﬂ“‘l‘l‘-t?eﬁ’f }SZ@Jbaﬁz'o workhe SY%@F\‘#&H"—%QE VAP ERBT A disat ed

provides franBest uSYOEI¥SHH At T dferidh@eSttar FIof D.Be fPfé@eﬁéZi-xﬂmféﬂi and
al so defl es the data b|t rate of th%messaeto oIIo(i/ st
F‘g is I%ﬁ o)

previ ousl y des%rl‘ﬁ%’ad sgpchronizatd o, patitesing, Ay G REGOLeF AR
coupl ed t@ ancontroXlper 816 tfweont raarmdwlmdandmgoeen 4880anhi cduplesddes amhe
frame word angl, provi de c e ra .
bei ng recei vegAby ?ﬁg ‘?:%Jﬁ &1 r}'Tdor %gfgp chie ggi}ﬁic{gg‘ggﬁ?%ﬁ&?”{ such as
fol |l owi ng i mm@we@emaﬂwhetajrone ya33 tchﬁ! pg@ﬂ@fcemlsaépl‘%dwwait he receiver

portion by bag x?éﬂron:.zaﬁ?i’cﬁ'f ;E-itrt“e!i‘nts %&hl%hﬁwnabEeE{:%l&mélﬂﬁh &nabl ed

t he reception of the "A" nchraoni zati on word, as described above

and whi ch con®¥¥ees 3 He' sq}'pp A-ban"o WtRte 1s gepepated; 3R oS (P led

remai nderypof t@eccsﬂmkmm Me on edearticulbe cant bel FRrb&A6 wargares the
frame nunber current bei recei ved . wt srg gned frane

a_list of
nunbers st or g RCHT ?#%aotd’eo ]:élzfor§rer&ﬁlt&g‘t ﬁ(gogﬁ??%n y fecei ved frame
nurmber di f f ersymahremi zestsigm e Wmmﬁ)@tfs thehérame ETBrmvoxd] eandkslso

generates a b&éfﬁ{é(stsaﬁ d bS] g ML 213 meEQHP%eg t Bo Pl N s

battery saver CITCUl suspendi ng the supp power to the
recei ver portPIﬁnVlOUSlYH@%RW%d -of power will be suspended until the next

frame  jsassi gnedm&@ $&L1 4 B 0% ki &Etd/\’fyt(i’féafxd T alkat E@ﬁp‘lé@vﬂﬁ an
signal is gengrated by the controller 816 whi t.o the

ple
battery savi nbn@il?c‘?ﬁtﬂb@mﬁ%ad“eeﬁ%de dﬁ?t?dé*ﬁpﬂﬁﬁo ?’thH %%9\% est e
recei ver portfgdmé overdbimi Resfiden aof itdd catioasstgnkd frame.number

currently being received by the controller 816. During
sync acquisition, such as following initial receiver turn-
20 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
above, and which continues to be supplied to enable
processing of the remainder of the synchronization code.
25 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
number differ from an assigned frame numbers, the
controller 816 generates a battery saving signal which is
30 coupled to an input of battery saver circuit 848,
suspending the supply of power to the receiver portion.
The supply of power will be suspended until the next frame
assigned to the receiver, at which time a battery saver
signal is generated by the controller 816 which is coupled
35 to the battery saving circuit 848 to enable the supply of
power to the receiver portion to enable reception of the

assigned frame.



18- Returning to the operation of the synchronization

correlator shown in FIG 13, a predetermned "C" word synchroni zati on
pattern is recovered by the controller 816 froma code nenory 822 and
i s=coupled to a "C'" word 5 correlator 1330. Wen the synchronization
pattern received mat ches the predeterpined "C' word synchroni zation
pattern wi th an acceptable margi n of ror, a "C" or "C-bar" output

i s generated whic co rall. 6 r "C" or
"C-bar" synchroni %?t%rn#gi ?%cf)t%ree% gglt §5 %%ox‘ﬂh Yn?hrgﬁéégfgl?
synchr oni zat imrneiatttw: sthown dh FAE. 13, dat arpdetemlmdt'wé" fwoarde.

Ret urni ng t o &hian8nitha %;ﬁrptatQErhhﬁsaEEHélregé&aby thé)oéériﬂ‘bllser 816

established by the contro 816 generating a bl o start_signal (Blk
Start) whi ch §Zom%cusQae t“t?“l%ﬁutagzlsndo#sac%%e@et‘?rﬂercF edR%d 824 and a

data recosger )bdrrxﬂélﬁzg:or 1330. CUthheﬁZEheTE§ndﬁi:@niE§@i/@rﬁ Ypd t ety xfadeqwdd 826

I s best rsto r rrln to,ELG_14. A contrpl .signal L/
4L) is coupl é‘Hi Slefnqiq’r?pér ?re Patg sg?ﬁét 8¥n312ﬁ%nlzat t& &cts”
ei ther 1X or vaxlswbdcaﬂmlbhenpatsinTbé @brosel actell ayntbibax "ociutipait

coupl ed to theg &%?’;%r e@\xﬁ{l%%els c Q@ESQ%B%&&@ oi!‘i‘éxf”biés Pregfeerabl y a

cl ocked ring co enéerate four phase out put
signal s (01- partigaylara g "ok sFaPPrm gmaphmnaz@*él%wmmj QLY t of

t he phasgogegﬁro%tlfaesl4&&neanthﬁeug?ﬁchgoheksitw@ £6 Nthe LU H a
pr edet er m ne hase untllwgw actual decodi ng of the nmessage

i nf or mati on | FehETBPGck start signal rel eases the phase
gener at or 1430, tf&ﬁmﬂmg to gEmerat,0|thé4§ﬁabegbﬁstl§enm'aia'.hgiaﬁa)cked

B0°°° ' Ier Btigtas, P aenihgn Bye he bhint SRLE B MeddRRAYG RITOC,
coupled to i rhiu:tQk sttaxrtpisdgmadel(BtkoBt8e8) whichuis r@plup]adattmmnpmt@
control '%683061' 8 M %hJ 131%&&%&}899824 aH&”Qré(a@gzreé&?efyr Y

phase nu r to which atron recelver I's assl ned The
phase nunber GiFoydt §26nhsf dheedats Fﬁ‘éoﬁﬁﬁzetblél-%%tcbm‘bkﬁ 83berig tect)

of the CaflideddtRio BBy dedersifgURbEHIED BN, | @L@oﬁrﬂh@@rﬁﬁ' qAroly
828. A phase Iock corre ding.to the_tr SS Ssi gned,
e provt ded AL 18 SEUBIED RS A phauL of CESSK fte selecdsr Yard
19 - which selects either 1X or 2X symbol clock inputs. The
20 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-
P4). A block start signal is also coupled to an input of
the phase generator 1430, and is used to hold the ring
25 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
which are synchronized with the incoming message symbols.
30 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
memory 822, the transmission phase number to which the data
communication receiver is assigned. The phase number is
35 transferred to the phase select output (@ Select) of the
controller 816 and is coupled to an input of phase selector
828. A phase clock, corresponding to the transmission
phase assigned, is provided at the output of the phase



selector 828 and is coupled to clock inputs of the dernul ti pl exer 820,

bl ock -de-interl eaver 824, and address and data decoders 830 and 832,
respectively. The dermul tipl exer 820 is used to select the binary bits 5
associated wth the assigned transm ssion phase which are t hen coupl ed
to the input of block de-interleaver 824, and cl ocked into the
de-interl eaver array on each correspondi phase cl ock. The.

de-interleaver _array is_an 8x32 bit ar i.ch de-int eaves ei ght
i nterl eaved §G&P€§Q¥ E%ﬁt?ﬁ oF ??Ppﬁﬁigéﬁéi%%%glﬁg?%%,O@o?%%sponding to
one transm sdeanltiplbkerk82Thebleck nerimttamkbanty &4 coad AEAUSSEr e
coupl ed to.the.in dds es I égg} ke caprol ler 816
recovers theaggdrggg gg?f’g%ﬁg gégiég%egﬁt%' f%éegp at ave_@ecommni cation
recei ver, andemodplipiexns Baft benesed te 1seleqledite AR YoP e address

Co”e:c atﬁj- a!‘é‘égia'&)édotzﬁ:ﬂethe 2§61 dnd 8 Lavae sridire ghasedehdehdaraat ches
any o e a

dress patterns assigned to the, datg cqnmuni cation
recei ver mﬁtﬁPﬁnaHO&E&gﬂtﬁﬁlEhﬁa}ﬁ?ﬁgdﬁétﬁi§ﬁ¥ e gﬁﬁger %Eﬁhngﬁatibn
associ at ed wicibckba addbesiei det hererbeader dyrap ont laahatcordespdsdissg? and
stored in a nessage.menory, 850.in, e | s
ordi nary ski PR3Pt Fﬁgcg?t.Tﬁe d%o%?%ﬁfﬁ%g?%Q stor d€¥g?M?ﬁ%%h%§§aggray
i nformati on, waich deeinsitbirdeavest etglynalnieriranedtadingss h€o@dFCloPrer
816. he il e LONAakL -4 ayidyng saliont 25
si gnal , %gth%%%%?? %P?% %%Tgfgr§%f€§%£ﬁt gé&g%%é?QZensible N al_ert
signal s, suchlgck.acThecdgréntesignred address grde wordg aue SOURAFE can be

generated as {Welhe ThputUdirbhadebsst corresattl 836. corh ebrnraiier 816
controller 816 to an alert qflve an audi bl e

river 834 which is us to
al erting dev&EOVELEH 46 aggrgsgpggkg?r%§ 3??+%ﬂ?%d%%ﬁggﬁgé'aThe user can
override dofalieatt 19ng rekcedear; adndncotpbeg tthdepalksesfs dse®@ i nput
controls,838 in a I n Lot - | M t he
det ect i o of SEF Oélﬁfc?rilglg’ glrta\sé}?o% |h§t ggﬁﬁégﬁ ggrﬁé%wéo%ét aW r(1:‘:"onm*fdljr{r?ll}i (?(a%\t/\l:tg%
recei ver, thdarésteydecanedr addreasi cods webdp| Batehes Y Hulthst data

decoder 832 whih decades hiieassignédcedeghdessed codntiai fgition i nto
preferably a%%%ggbr E%CII asfo?nat suitable for_stora etgpd subsegyent
Te

di spl ay. The receiveromidhiss88gaCrRPEARLE BATEE Pk §5¢ D HE s er
20

information associated with the address is then decoded by
20 the data decoder 832 and stored in a message memory 850 in
a manner well known to one of ordinary skill in the art.
Following the storage of the message information, a
sensible alert signal is generated by the controller 816.
The sensible alert signal is preferably an audible alert
25 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
834 which is used to drive an audible alerting device, such
30 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.
Following the detection of an address associated with
the data communication receiver, the message information is
35 coupled to the input of data decoder 832 which decodes the
encoded message information into preferably a BCD or ASCII
format suitable for storage and subsequent display. The
stored message information can be recalled by the user



uskng the user input controls 838 whereupon the controller 816 recovers

the nmessage information from nenory, and provi des the nessage
information to a display driver 840 for presentation on a display 842,
suech as an LCD display. 5 FIG 15 is a flow chart describing the
operation of the data comuni cati on I’?&EI ver in accordance with the
preferred enbodi nent of the present invention. At step 1502, when the
dat a communi r r ti S
ool zed, i SREASE dribds aEoRe 538 MRERFRRA I pRRARL !

recei ver port8%h JtQﬂoverf‘eriHEﬁ dnessagiey ilngormpsingt Fem ghenmit: @hd he

assi gned RF pro¢fifddethe Wi 3 niforiatidat est @ddogpide d:mf&lelaam a
predetern1neé)t|ne eriod,,6 batt'ery sav i ration is at step
DE08. Whon daioF (R SRRRA LT 1% GEPLaNaRRgh . SaPhte A g6 drsiaY
synchroni 8ati on WorTiGcors el@tarflow d@ﬂ;:lmsi&emibﬂmggtheroperatlon of
synchroni zatign a ste 1510. Waen bit _sync I ned, at
step 1510, th < é%WW%P%ﬁ)ﬁquaffgﬁlB§§|%g gfgg%&gﬁé§q§“§Vheﬁgthe non-
conpl enent ed préfemoretl | embied iowtrdd ofatthet ppesbhi, mhen’QDon medstagetep

Lransm ssi on 199 handdloid (A SoniifiiEahetnabBiBiver 1 SlshRR a0, and

because frame synchroni zation i to the start
of the frane the qmqﬂ%ratqaﬁra@é@@ wer dnii§ipdaneds | a8, StRP A4 1518. When

t he non- ¢onpl wavRad: edks ' ﬁ msaibals.t.ymatpp(iateﬁcmdthat réé&pvabd pdﬁ:lfbn itli cating

t he non-conpl e t ed been corr t ed t error
during transrft égﬁiﬁ1 %FelVlQﬁn4££%Q%§%¥89 PEeRERt ARe raﬁﬁé?Q§) nented
"A" bar" is chanhastle.ct athemtdatteeisl n2d. déhecteteol Atharchawmel iin rrot

det ected at él%?” %Hjerror ﬁ%ﬁt LQ‘Et égbgéven\.“% ety @J so have

been corrupt m Ssi 0 attery saver
operation is Wdememtlws ng§n1§©83 Paedetected amrthéword i s

detectedjsat SHfhel, 0% ke zé d@s%ﬁﬁes&héﬂ%hﬁa@ﬂoﬁa&&d Scobantddded as
descri bed above, . at ste 2, and becaus

% nchromiiﬁlon S
obt ai ned, thdediRs (sl% }b’-‘i% o it gyne rof‘ﬁéaﬂ%‘ma R 11Ht i on code

\Aﬁrdfis identWHéreritatsﬁimonlzalﬁ% iAt obhalnaa;oatlat@ptlm desodiaty of
the frane

e 1T qup AR TR el 3180, R T

complemented "A" word lS detected, at step 1514, the

20 message transmission rate is identified as described above,
at step 1516, and because frame synchronization is
obtained, the time (Tl) to the start of the frame
identification code word is identified, at step 1518. When
the non-complemented "A" word is not detected, at step

25 1514, indicating 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
detected at step 1512, indicating that the "A-bar" word may

30 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
1520, the message transmission rate is identified as
described above, at step 1522, and because frame

35 synchronization is obtained, the time (T2) to the start of
the frame identification code word is identified, at step
1524. At the appropriate time, decoding of the frame
identification word occurs, at step 1526. When the frame



receiver, at step 1528, battery saving is resunmed, at step 1508, and

remai ns so until the next assigned frame is to be recei ved. Wen the
decoded frame ID corresponds to an 5 assigned franme ID, at step 1528, the
nessage reception rate is set, at step 1530. An attenpt to bit
synchroni ze at the message transm ssion rate is next nmade at step 1532.
When bit synchroni zation is obtained, at step 1533, the "C' _word

correl ation heguegeatedt e.la &584on¥%§§si@ﬁedl0£b cenm | Nt Rl i ca€ionor d is
detected, at _step. 1536, fr nghronl zation ., is obtained, and the tine
(T3) to the §F§FE VEE ¢ RE ﬁS—SBaEé batEer hefGHRY <19 dataStepep
1538. 150%heantheenahnsosp| enehl ethé Giexbraksignead fdemectiedtoabe

Step 1636, | BdcE3LLRg | BRCHORREORBLERER Rbn s iUk T ks RV G Den

corrupted by a burst ‘error d ransmssion Stermaffon i s made
whet her the esappasenfragebipy a‘s step db$281 ethe message reeptibenrahe " C

bar” word 'S:.?sobetFI a@eEEEbeﬁs% StgR é@é&u%t%‘}?éﬁ nﬁ!’ﬂr n&Q% at ae’

word may al so haye been corr upted urst_error |n%
t ransni ssi on®eFEREEr §r§3§@ﬂ-56b%¥a¥?% Jr% B Mmaqs @redtelr 1532.5t Wher508.
When the "C bat" syacHrofnidetechells chtHimed, atiléi{&) fs3ae tapnelrogbzat i on

i s obtained, 1 to t tar he nmessa info tion
is identifi egéﬁg?igﬁlég{‘gssig At Frem, ﬁiﬁ? eaﬁ 18 Ren- Soup &sgleaéréﬁdi ng
can 25 Iegi ACht werdpissdetected, at s/tep;lbti}ﬁ, frame synchronization -

22 is obtained, and the tfifd" @cel Vertti'e starte Fgg%ne]?gtrgékggel vi ng

recei ver (106) conprising: portion
and 5 demdﬁPﬁ?m@taoﬁaHFol?iﬂéﬁw Agrifiehad3dly digital i nformati on

contai ned within wnahohaewasaLaéﬂgléxh@ﬁe@@ "cr ikl i dytodietleged, r geei ved
signal havin ubsténtlg onstant DC of fset vg Ita%e with an AC

vol t age reprggﬁﬂt ?‘ﬁagt hal iR qIRIsHented gC" WOrdamaK, eshol d
| evel extr achave béenuébrt&peedflmy a burket esrgox rimting Dfaabhiskignl tage;

a 4-level deﬁggggmiﬁégieﬂoisCﬁ&ﬁ@”%ﬂgkﬁégethe égﬂb e%%d"BCbthsgg vol tage

with the recerve
detected, at step 1540. When the "C bar" word is not

detected at step 1540, indicating that the "C-bar" word may
also have been corrupted by a burst error during
20 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
step 1542. At the appropriate time, message decoding can
25 Dbegin at step 1544.
We claim:



and for producing a digital signal indicative of the 15 infornmation

contai ned within the synbols; a synbol synchronizer(812)for
synchroni zing to the synbol s and for producing a synchroni zation signal
in- response thereto; dat a decoder (832) for dechs tiﬁEBmchlmxd
digital signal 20 in response to the synchronization signal

storing and alerting the reception of infthation direct

sel ective call receiver; and a controller (816) respon3|ve to
synchroni zati on si gnal for enabl i ng sardCLh¥M%hold | evel 25 extractlon
circuit substantially in the center of each symbol . 2. The

sel ective call_ recejver (106 sai d synbol
synchroni zer (812) bpelaed lgyﬁﬁcelveﬁbﬁﬁng%FbﬂgnDde when initially

determining the reeiistiang |naalarmerfber mbeeadhgsynﬁoﬁengMalmfgat&s:ddioa

sync narntgna qugﬁﬁfrgg eaft vlﬁ dFESFEQEr ﬁ@ge TP contalnéﬁz (808)

controll er res evel rac ion Cifc
for each entl rve-féyrrb(ﬂmllsemOGUlséed thetepbnsgnd hpredueing & 2ecgivedt es i n

the sync AGYHA HaRA 1 @@%bs@@ﬂt@ﬁ@@#ﬁ éoﬁ@tgn{: hpeshet<kd Et'r‘bqltage w1th
23 extractl on circul't substanti al

in the center of each nbol
while said syé @yﬂmezé'PPSSéﬁaFéE‘Jr fhengymbolg yermbinesd @é’lﬁ%’de

5 3. A nethod ofdetiegitiirginig nkaheC Foredetegdhiigvihg BC offssthstantial ly
const ant fset]a nal and a synbol stream havi ng a predeterm ned baud

rate modufat ed ¥1é&9&6n, said net hod conprising the steps of:
enabling determ natdmtifzinfga nefainse icompgird ngf mheadéﬂemimémma)fom synbol

R i
excl usi ve of sHigdtadesigmal lndlcatlve of the 1nformatlon contalned
within the symbols;
is synchronizing means for synchronizing to the digital
signal and thus the symbols
decoding means for decoding the information in
response to the synchronizing means and storing and
. alerting the reception of information directed to the
20 selective call receiver; and
control means responsive to the synchronization means
for enabling said determining means substantially in the
center of each symbol.

25 2. The selective call receiver of claim 1 wherein:
said synchronizing means operates in a sync
acquisition mode when initially determining the substantial
center of each symbol, and operates sync maintenance mode
thereafter; and further wherein:

30 said control means enables said determining means for
each entire symbol while said synchronizing means operates
in the sync acquisition mode, and enables said determining
means substantially in the center of each symbol while said
synchronizing means operates in the maintenance mode.

35
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enabl i ng, wherein said step of enabling occurs 15 substantlall urlqgk$Q&d

center of each synbol, and wherein said step of dlsamﬁ

substantial ly during transiti ons between synbol s.

aceording to claim3 wherein said step 20 of enabling occur

during occurrence of the center of each synbol, and wherein sald step
of di sabli ng occurs substantlally du@%u;cmcurrence of transitions
bet ween synbol s. 25 The et hod accordlng(i %t ug& conpri sing
t he steps-of : & methda °§c&&9?Fhﬁl§9n%hF%ﬁ?i ‘et 81 stream
and sﬁbélﬂhhﬂ@ad&yebﬁhﬁﬁanﬁnoﬁfséh%njtiabtami waymb@rl stregach

_caped e
ccor i ng toPeFARH 3 BAPCREPERAARY ey LAkl siitarth nflBCAT B, () ool

stream and gmn&hadlugmgn1s1ngathetstqp$e@@onse to the synbol stream having

an addresg ClbAd . Betdehehatieh 8H0ERESorfRet sighal Her @ethod:
according to cla|n1 ur conpri sing t he steps of

24 Podﬁﬂépnpﬁlﬁgcansﬁmb9hgbnn%@ﬂ??ﬁﬂ%l%ﬁtFﬁb‘Hﬂ?bé?e sYmPPlnal ;
conpari ng th%tr@gglvggd3|gnal to the determ ned aver age magni tude of
the of fset signal;_, enerating.a first, digital, statef recei ved
signal is greater dt"ﬁ&}?ltll?@ Smﬁﬂﬁg af}e?ggéhﬁa‘g#?ﬁ%eslénaloff%gﬁg of f set

si gnal ; portiganefathegsgmbetoedcliingival oftsad iftathe fr epabldag.

si gnal |§ | ess than the determ ned average nagnitude of 10 the offset
si gnal ; Rd processing the first and second djgital states in
order to recdver d@hg method aceerdandctat SLALE 3 vheFeln sayb steRiQfed

signal . enabling occurs substantially during the center of each
symbol, and wherein said step of disabling occurs
substantially during transitions between symbols.
15
5. The method according claim 3 further comprising the
steps of:
acquiring synchronization to the symbol stream; and
enabling determination of the offset signal for each

20 entire symbol during said step of acquiring.

6. The method according to claim 3 further comprising the
step of decoding the symbol stream and generating an alert
in response to the symbol stream having an address matching

25 a predetermined'address.

7. The method according to claim 3 further comprising the
steps of:
determining the average magnitude of the offset
30 signai;
comparing received signal to the determined average
magnitude of the offset signal;
generating a first digital state if the received
signal is greater than the determined average magnitude of
35 the offset signal;
generating a second digital state if the received
signal is less than the determined average magnitude of the

offset signal; and -

TR R



15~ 8. The nethod according to claim7 wherein said step ——of—
determ ning the average magni tude of the offset si gnal d.H{’l + B2 BkePRGRced
of enabling includes the steps of : periodically o
received signal to 20 generate a sanpled nagnitude; 1

sanpl ed magni tude to a maxi num magni t ude; equat i

magni tude to the sanpl ed magni t ude i f Qhe sanpl ed magnitude is greater

than the 25 maxi num nagni t arlna}the sanpl ed nagnitude to

a ni ni mum magiX Ing e flé&GaFPﬁ nE@“ijn' ikt hefrAteRiel® o t he
sanpl ed rmgieixt tee rdcdves gdgpked MRgormhatton ScdeEsind@wiltIEBGhdr Ni UM
magni t ude; c%fi'v%cf g %f di sabling further i ncludes the step of:

mai nt ai ni ng t e equate nlnun1and maxi num magni t udes; and both said
steps of enabling and di sabling further include the step of: 35

aver agi ngst he ni nlmfﬂéﬂ:ﬁ%d@@d&%ﬁtﬁentbuefélﬁm wheBEDET & fu L& glgier m ned

aver age nagnltude of the offset
25 SetRTI PO Fhge eesaﬂﬁadeooa ‘éﬁl?n QL feRt Hekgnphptyming said the
steps of: step ofdetnemmlgngnamae@l tudes@épé hef of f set signal; 5

conparing the rec ved e de ni 1 ude of the of f set
si gnal ; 3’ zﬁ%ﬁ%a a f?f"?&la?g%ﬁﬁl rg??ﬂ"ée‘?f %ea]r RidpRprated
signal is gream@ﬂeﬁhmngmheudebernlned nagnltude of the of f set si gnal

and | ess; 4 han thencgﬁg:%gl HeAHERadhbyds 4R0R1 LG8 {6 rétmé’ﬁnﬂﬁdl and

generating a secq state Pecer ved s less than
the det er ni nB@IRdEHCEIde of -t he of fset signal and greater t han the

determ ned magnit éd@ating the maximum magnitude to the sampled
magnitude if the sampled magnitude is greater than the
maximum magnitude;
15 comparing the sampled magnitude to a minimum
magnitude; '
equating the minimum magnitude to the sampled
magnitude if the sampled magnitude is less than the minimum
magnitude; and said step of disabling further includes the
20 step of:
maintaining the minimum and maximum magnitudes; and
both said steps of emabling and disabling further include
the step of: |
averaging the minimum and maximum magnitudes to
25 generate the determined magnitude of the offset.

A



m rus a second val ue; 15 generating a third digitar—state if the
recei ved signal is greater than the determ ned magni tnd@stleétmdm-enkeplaced

of fset signal plus the first. val ue; generating a
state if the received signal is less than the determn

the 20 offset signal mnus the second valﬁg and
di gi tal inforgatiopy, nefRBEALESG- I 44! 0 10 rn?cie'f\ﬁ%g:hga'exg%%glprlféﬁglghe-rhe

first, second, third and forth digital"“states in order to recover

met hod accordinhg to clarm erel

pr edet er m nedsteps of: 26 11. The

net hod accordi ng tQeﬁéﬁmﬂhﬁn&hﬁﬁélﬁhéﬁﬁﬁhéﬁ‘HI the %&f@%&egqgahmg the

magni tude of the of fset signal during sai d step, of enabling incl udes
the steps of : comparjadi Bﬁ?%’a‘f’?‘} %’s&ﬁﬂ]r rﬁj’t detsrredaes; Brapifyds
gener at e &isa6ﬁ|EHen®gﬂ$éﬂd§1gnal conparing the sanpled magnitude to a

maxi mum nagnltu uati ng t.he gnltude t.0 t he

sanpl ed nagnltga eF?t%ﬂ% %aﬁkﬁé&i#&ﬂﬁ%ﬁ%uféﬂ%e qb r TERaR Fﬁe 10

maxi mum nagni sigeal is greateonngwmn rithe eteamphed magnitude ©6 theéi ni num
I tud : t d

e e 11 PEES5 SR A I R RN L BEGRATEAR e

magni tude i f t magni tu nlnlnun1nagn|tude
and said stepfb¥SH|§%&W¢qu¢thher i ncl udes the step of:

mai nt ai niypg t he eqyahesafingnaNeERshd Bl JAHA1 statRgnift wies reaadveai d st eps

of disabling and enapl i further_ includes the

aver agi ng t heSh¥ ﬂuﬁ?ai%%?ﬁﬁﬁqHMHQﬁnﬂﬁQﬁﬁmé9990magni%&ﬁ@rSfetgﬂeoﬁg?%?n1ned

magni t ude of shgnmifamd grepiedy than athd fdetiererineddemagnitude minussai d

first val ue |§ §£§ . by averaging the determ ned magni tude of the
an

of f set signal " maxi mum nagni t ude; and
generating a third digital state if the received

- 15 signal is greater than the determined magnitude plus the
first value;
generating a fourth digital state if the received
signal is less than the determined magnitude minus the
second value; and
20 processing the first, second, third and forth digital
states in order to recover digital information contained

within the received signal.

10. The method according to claim 9 wherein the first and

25 second values are predetermined.

11. The method according to claim 9 wherein said step of
determining the magnitude of the offset signal during said
step of enabling includes the steps of:
30 periodically sampling the received signal to generated
sampled magnitude;
comparing the sampled magnitude to a maximum
maQnitude;
equating the maximum magnitude to the sampled
35 magnitude if the sampled magnitude is greater than the
maximum magnitude;
comparing the sampled magnitude to a minimum

magnitude; e —

A




sai-d second val ue is determ ned by averag?ng t he det ermned magni tude
of the offset signal and the m ni mum magni t ude. 30 iﬂmsmﬁﬂﬁﬁﬁaﬁﬁﬁﬂéﬁh

(106) for digitizing a received signal havi ng a subst antji
of ~set signal and a symbol stream having a predeterm nej mmug’@lmﬂ
nodul at ed t hereon, said apparatus conprising:

| evel extraction circuit (808) for 35 deRérm ning the nmagnitude of the

of fset signal; and a controller (816) for enabling said threshold
| evel extraction cégeatingothe mbrimuom mFgreiddides iepdhe sampled

27 in Sﬁ{aﬂ’f‘ﬁ"ﬁ%ﬁéaif OfheM §a{h§h] 21 9 RG0! udlel %rme\y@eeaaa ﬁﬁé Aninimum

controller enables said threshol extract,ion
subst anti al | yY"FRI M herrd i ttemaf Wllng fuaﬁeeau é%‘B*‘é‘%eisa’F}éF
threshol d Ievetepxﬁfactlon circuit 5 substantially during transitions

bet ween synbol s The_.appasat us (106) according t laim]l
wherein 3 oad RRERERTAING oS Tt At paliitle pPgny BydeS: ad
extracti on ciszidtst{g98)of ubistabitingg lapndemakd ingc frrehes locledes heheent er
of each synbol, J%Qq’ £i sable said threshold | evel extraction circuit
substantial ly de ng occurrence of transitions between synbols.

14. The apparatus VO3 I HRE ob e i nignun And mRNinu @ gnd tudsfipEPsi ng:

a synbol syncdg zQéhbaZt% 18 et HmidRE MEgH iR deN®Ff theOBEEEEENCENAT the
subst anti_al mﬁ r of each synbol and the transitions between synbols,
and furt & wherein: g, ¢ controller (816) enables said threshol d
| evel 20 extractl@mlﬁlfrrst 8089 isndeﬁﬂﬂmxﬁad by ayelrabingi the sai d

symbol - synchr o0f 28t | S AEAML {414 DPHLYZACY o0 the mbREnGHTO! S:

magnitude; and

said second value is determined by averaging the

15 determined value of the offset and the minimum magnitude.

12. An apparatus for digitizing a received signal having a
substantially constant offset signal and a symbol stream
having.a predetermined baud rate modulated thereon, said
20 apparatus comprising:
determining means for detefmining the magnitude of the '
offset signal; and
control means for enabling said determining means for
a portion of each symbol in synchronization with the symbol
25 stream.

13. The apparatus according to claim 12 wherein said
control means enables said determining means substantially
during the center of each symbol, and disable said

30 determining means substantially during transitions between

symbols.

14. The apparatus according to claim 13 further
comprising:

35 synchronizing means for determining the occurrence of
the substantial center of each symbol and the transitions
between symbols, and further wherein:

* [ L M S *



15.- The apparatus (106) according to claim 12 wherein 25—sa'rfr—threshdkel—

| evel extraction circuit (808) further I ncl udes: This She rn
circuit section (808) for determning the average mag

recei ved signal; and said apparatus further includes: ﬂl‘ﬂij

4-1 evel to binary converter (814) for conparing t he r

with the average magni tude to produce &/ digital signal substantrally
equi valent to i nformati on contained within the synbol stream 35 16.°

The apparatus (10633 @eatFelsngraseprabirg said dekeingng Megns et i on

(808) further dakdl egesre symbol whlle said synchronizing means i&8
a peak | evel detector (902) e%ggg1gén t he maxi mum magni t ude of

the received ?r&H&FlPﬁ F¥§§Bﬁ§81F8 2 1S LRS- a vall ey
| evel detector (904) for determning a 5 m ni mum magni tude in response to
the clock gi gri S 2 aratlusr g%h%&&iéﬁ {EBCEQﬂugfi’)wﬁe%lﬁ“’sr ay ng the
maxi num "N AU RES) gnal’'s 10 pro de"the average e; and
wher ei n detegaﬂ@l@GnmﬁenBefu€8n6¥ yenbudess an at Ieast one 10 cloek
cycle substantial | yyi e The ARRAGat us
(106) of claim 16 mgrl‘efglr}% arﬁ%tagg Q%gnta‘rége?mm?hi §he earl‘re%;iltg(aes orie cl ock
cycl e subst anOfathg receiyednsigralerapf €atd %@R&Rﬂtu%ufurt ef3. The

appar at us (1oahcqhd@garn116 mherern sai d controller (816) generates a
rrultrplrct(%y of c%ck cl es_suhbst anti al Y tri cav th re pect to
t he stanti al °8‘é’f?tréns TERCR EPhpEPTP2HINI Y T f\gfpgﬁgfﬁ (106)

of claim 15 wwiithi thehevelraget magnisiudgaatoi prodypresemtigdthy sigobdtantially
constant DC b&%hhﬁgsbégcgﬁﬁQ@ai¥ﬂ@0£oSiﬁf%%ﬁéé&%ﬁﬂHéﬁ%Qﬂﬂéﬁ Y +RANAC

conponent addeal tage, and whereln sal
he symbol stream.

15 16. The apparatus of claim 15 wherein said averaging means
further includes:
peak detecting means for determining the maximum
magnitude of the received signal in response to a clock
signal;
20 valley detecting means for determining a minimﬁm
magnitude in response to the clock signal; and
summing means for averaging the maximum and minimum
signals to produce the average magnitude; and wherein
said control mears generates the clock signal for the
25 portion of each symbol.

17. The apparatus of claim 16 wherein said control means

generates one clock cycle substantially in the center of

each symbol.

30 |
18. The apparatus of claim 16 wherein said control means
generates a multiplicity of clock cycles substantially
symmetrical with respect to the substantial center of each
symbol.

35

19. The apparatus of claim 15 wherein the offset signal is
represented by a substantially constant DC voltage, and the
symbol stream is represented by an AC component added to

(U



25, averaging circuit section (808) further includes:  -—— —a--f-est-stor——

(1720) and a capacitor (1722) coupled the received si.gnal;

transm ssion gate (1710) interposed between the receiT\%ls LdetlHaSBenR actd

satd resistor and capacitor; whereby 30 said transm ssion 9 ﬁlﬂlﬁ lﬂ :
resi stor and capacitor produce the average nagnitude b ng

t he recei ved signal; and wherein 2 said controller (816) .
conprises a center. sanple switch jnterflgsed bet ween t he receéihved si gnal
and said 35 @& HorOAtdI€apantt BRergiRred Hl Y FaHMs MQaRs p&ther

extractionci rigidlude8Q8) is enabl ed when said center
Fecei ved of gnal . harsg ErRRoRTpgragLEotRled e AR e P (g
controller (816) couplesdt Sdind tiegi means (iF2eypesed betvwgrivithe nerrpdpd o
the recei yed Signal $PsLaR! chkye stSFQYQhddEs Cafidfery AW cayrRak:
limiting means and said charge storage means produce the
average magnitude by time averaging the received signal;
and wherein
said control means comprises a switching means
10 interposed between the received signal and said charge
storage means, wherein said determining means is enabled
when said switching means couples said charge storage means

to the received signal.

15 20. The apparatus of claim 19 wherein said control means
couples said charge storage means to the received signal

substantially around the center of each symbol.
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