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| NVENTI ON:  The present invention relates generally to the field 1 of ta
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provi ded data conmuni cati on capa Izing well known pagi ng
signaling protocols, such as tPRAEhe FHNCARONIFFAFIO protocol. Wile the
POCSAG si gnal i ng protocol has provided a satisfactory |evel of performance
for short message data transm ssion, there are encountered several problens
wth 25 F%spect-to | ong nmessage data transm ssions. Anong these problens
are early cancell ati on of neEESCREROUEDEPOF OITHIEIE INVENTBONerrors encount er-ed
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The present invention relates generally to the field
10 of data communication receivers, and more particularly to a
data communication receiver having burst error protected
data synchronization.

DESCRIPTION OF THE PRIOR ART: _

15 There are numerous data communication devices
available in the marketplace today. An example of one such
data communication device is a data communication receiver,
such as an alphanumeric paging receiver. Such paging
receivers have previously provided data communication

20 capability by utilizing well known paging signaling
protocols, such as the the POCSAG signaling protocol.

While the POCSAG signaling protocol has provided a
satisfactory level of performance for short message data
transmission, there are encountered several problems with

25 respect to long message data transmissions. Among these
problems are early cancellation of message reception due to
burst errors encountered on the transmission channel which
corrupts the received data, and a limited battery saving
duty cycle. When long messages are to be routinely

30 processed, it is more desirable to extend operating battery
life by increasing the battery saving duty cycle, i.e. the
ratio of the time the receiver is off to the time the
receiver is on. However, by providing longer receiver
operating battery lives by increasing the battery saving

35 duty cycle, the problem of burst error corruption of the
received data makes it more difficult for the data receiver
to obtain synchronization with the transmitted message
information, even in satisfactory signal conditigns. There



life by iwAcreasing the battery saving duty cycle, i.e. the ratio of the
time the receiver is off to the tine the receiver is on. However, by
providing | onger receiver operating battery lives by increasing the battery
saving 35 duty cycle, the problemof burst error corruption of the
received data makes it more difficult for the data receiver to obtain
synchroni zation with the transnmtted nessag@ i nformation, even in
satisfactory signal conditions. There 2 is a need to provide a data
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synchroni zation conprises a recéiver portion recerving and (
dat a synchPoni%%HQQEQJéﬁﬁ nmessage information, the data synchronization
i nformati on conprising at |east first and second synchroni zati on code words
separated by a 15 predeternineﬂ tinme interval, a correlator, coupled to the

receiver portion, correlates CHEEecPtd FHF st NFNEESnd synchroni zati on

code words, and genkEr edesordanaspdmheone aspect of the present

invention, a data communication receiver which provides

10 Dburst error protected data synchronization comprises a
receiver portion for receiving and detecting data
synchronization and message information, the data
synchronization information comprising at least first and
second synchronization code words separated by a

15 predetermined time interval, a correlator, coupled to the
receiver portion, correlates the detected first and second
synchronization code words, and generates in response
thereto first and second coded correlation detection
signals. A block start signal generator responsive to the

20 first coded correlation detection signal, generates a first
block start signal, and in the absence of the first coded
correlation detection signal is responsive to the second
coded correlation detection signal for generating a second
block start signal. A message decoder is responsive to the

25 first and second block start signals for decoding the
detected message information. A display is coupled to the
message decoder for displaying the decoded message
information.

30 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an electrical block diagram of a data
transmission system in accordance with the preferred
embodiment of the present invention.

35 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
invention. )



theret0 first and second coded correl ation detection signals. A block start
signal generator responsive to the 20 first coded correlation detection
signal, generates a first block start signal, and in the absence of the
first coded correlation detection signal is responsive to the second coded
correlation detection signal for generating a second block start .signal. A
message decoder is responsive to the 25 first and second bl ock start
signals for decoding the detected nessage information. A display is coupled
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FIG. 8 is an electrical block diagram of a data
communication receiver in accordance with the preferred
10 embodiment of the present invention.
FIG. 9 is an electrical block diagram of a threshold
level extraction circuit utilized in the data communication
receiver of FIG. 8.
FIG. 10 is an electrical block diagram of a 4-level
15 decoder utilized in the data communication receiver of FIG.
8.
FIG. 11 is an electrical block diagram of a symbol
synchronizer utilized in the data communication receiver of
FIG. 8.
20 FIG. 12 is an electrical block diagram of a 4-level to
binary converter utilized in the data communication
receiver of FIG. 8.
FIG. 13 is an electrical block diagram of a
synchronization correlator utilized in the data
25 communication receiver of FIG. 8.
FIG. 14 is an electrical block diagram of a phase
timing generator utilized in the data communication
receiver of FIG. 8.
FIG. 15 is a flow chart illustrating the
30 synchronization correlation sequence in accordance with the

preferred embodiment of the present invention.



synchroni zation signals utilized in accordance with the preferred

enbodi nent of the present invention. FIG 8 is an electrical block diagram
of a data conmuni cation receiver in accordance with the preferred 10

enbodi nent of the present invention. FIG 9 is an electrical block diagram
of a threshold |evel extraction circuit utilized in the data comruni cation
receiver of FIG 8. FIG 10 is an electricd block di agram of a 4-level 15
decoder utilized in the data comuni cation receiver of FIG 8. FIG 11 is
an el ectrical bl ock RESQRARTEONa €FniKHE s\AREFERRERr EMBODEMENTS t he data
conmmuni cation receiver of FIG 8. 20 FIG 12 is an electrical block
di agram of a 4-level to_binary converter utilized in the data conmunication
receiver of FIG 8FIfGL i8 2B eleet®iqa] Qliodh ddrIdrBgPant ofiata
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numeric data transmission, or from a message entry device,
such as an alphanumeric data terminal, are routed through

10 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

15 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.

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 érotacol to



4 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS FIG 1 is an electrical block
diagram of a data transm ssion system 100, such as a paging system in 5
accordance with the preferred enbodi nent of the present invention In such a
data transm ssion system 100, nessages originating either froma phone, as
in a system providing nuneric data transm %SI on, or froma nmessage entry
device, such as an al phanureric data termnal, are routed through 10 the
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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

15 information as billing information.

The subscriber database 208 also includes such
information as to what transmission frame and to what
transmission phase the data communication receiver is
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 for transmission, and then
batched into frames based upon message size by frame

batching controller 212. The batched frame information for



such as al phanuneric nessages which require the use of a data entry device
are coupled to the paging termnal 102 30 through a nodem 206 usi ng any of
a nunber of well known nodemtransm ssion protocols. Wien a call to place a
message is received, a controller 204 handl es the processing of the
nmessage. The controller 204 is preferably g m croconputer, such as an
MC68000 or 35 equivalent, which is manufactured by Mdtorola Inc., and which
runs various pre-programed routines for controlling such term nal
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stored in the thedhSoameehedadhgebbs£f@OR16 ols transferred to the frame

10 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

15 Dblocks 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

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 at 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 §ort-buffer



noni t-0ri ng system performance, and for obtaining such 15 information as

bi*ll'i ng informati on. The subscri ber database 208 al so i ncl udes such
information as to what transm ssion frame and to what transm ssion phase
the data comruni cation receiver is assigned, as will be described in

further detail below 20 The received nmessage Is stored in an active page
file 210 which stores the nessages in queues according to the transm ssion
phase assigned to the data conmuni cation receiver. In the preferred
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nunber 35 and 1's then organize address, nessage information, and any
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lnfornathgn fa?cgcordance 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

15 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

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 preferably 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



6 each phase queue is coupled to frane nessage buffers 216 which
tenporarily store the batched franme information until a time for further
processi ng and transm ssion. Frames are batched in nuneric sequence, so
that while a current frame 5 is being transmtted, the next frane to be
transmtted is in the frame nessage buffer8216, and the next frame
thereafter is being retrieved and batched.” At the appropriate tine, the
bat ched franme information stored in the frame nessage buffer 216 is
transferred tROGIASG faigmallidge protiecol I8hiclyprovides asiddnegst radpkase queue
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nmessage preferred embodiment of the present invention. In

particular, as shown in FIG. 6, the synchronization code
comprises preferably three parts, a first synchronization
code (sync 1), a frame information code word (frame info)

15 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 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 conjunction
with the signaling protocol.

Bit Rate "A" 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—



stream which is properly formatted for transm ssion. The nmessage streamis
next coupled to a transmtter controller 30 226, which under the control of
controller 204 transmts the nmessage stream over a distribution channel

228. The distribution channel 228 may be any of a nunber of well known

di stribution channel types, such as wire |line, an RF or m crowave

di stribution channel, or a satellite 35 distribution link. The distributed
nmessage streamis transferred to one or nore transmtter stations 104,
dependi ng upometthéremertsf thefaomiunizdatiaduesyist eiso Phedetsmedefatreami s
first transfegped.bnhQea dual port buffer 7 230 which tenporarily stores
the message streamprior to transm ssion. At an appropriate tinme determ ned
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present invention. n G 3, the signaling protocol enables
message transmni ssi @het styuchucenafintkaitseprnd ceingdronigathonscpaget s,

assigned to opec@brABL® 8imiP8r to that of the first synchronization

10 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
symbol rate at which the address and messages are to be

15 transmitted in any given frame. Consequently, the second
synchronization code allows the data communication receiver
to obtain "fine" bit and frame synchronization at the frame
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 MC68HCO5HC1ll 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 %or



frames which are | abeled frame O through frame 127. It 15 then will be
appreci ated that the actual nunber of franes provided within the signaling
protocol can be greater or |ess than described above. The greater the
nunber of frames utilized, the greater the battery life that may be
provided to the data conmuni cation receiveﬁﬁ operating 20 wthin the
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10 known in the art, providing at the output an analog 4-level
recovered data signal, hereafter called a recovered data
signal. The recovéred data signal is coupled to one input
of a threshold level extraction circuit 808, and to an
input of a 4-level decoder 810. The threshold level

15 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
amplitude value and provides a high peak threshold signal

20 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 data signal. The level

25 detector 902, 904 signal outputs are coupled to terminals
of resistors 906, 912, respectively. The opposite resistor
terminals 906, 912 provide the high threshold output signal
(Hi), and the low threshold output signal (Lo),
respectively. The opposite resistor terminals 906, 912 are

30 also coupled to terminals of resistors 908, 910,
respectively. The opposite resistor 908, 910 terminals are
coupled together to form a resistive divider which provides
an average threshold output signal (Avg) which is
proportional to the average value of the recovered data

35 signal. Resistors 906, 912 have resistor values preferably
of 1R, while resistors 908, 910 have resistor values
preferably of 2R, realizing threshold output signal values
of 17%, 50% and 83%, and which are utilized to enable



8 POCSAG si gnaling protocol which provides address and data code words
which utilize the first code word bit to define the code word type, as
ei ther address or data, no such distinction is provided for the address and
data code words 5 in the signaling protocol utilized with the preferred
enbodi nent of the present invention. Rathe& address and data code words
are defined by their position wthin the in&ividual frames. FIGS. 6 and 7
are timng diagrams illustrating the 10 synchronization code utilized in
accordance w dace@iengrehers cewmibckiteestigsrlshasprésbnbe | ¢REFEIRAE I n
particular, ageghewn in FIG 6, the synchronization code conprises
preferably three paLts, a first synchragni zatiqn code ﬁsync 1%, a franme

i nformati on code WHPER(PPYRE HhiiPitRldyy apPde€Gn §Os FRENFBRELEEY on code
]gsync 2)a Aﬁ pbsvionn EéthlﬂrE tltHiad? %iﬂasboﬁmuwibal&iiéﬁt teﬁervbeéheh Imnﬁ)xlr:tsaes

Irst an [ Ltions e | t n Bol | e ternating
1,0 bit pa te#ﬁgg(\%‘)\ﬁdﬁi %ﬁ’ p‘d’rl o(\:/f%c}s rb'-"ltte sz?%ﬁ%g%i ?g‘tqi 6‘%, pﬁ%%éée%%%%lﬂ}]da fourth
portions, |abebatréd impubntrénterearipdepntc’ Achearct, awh28h plovk del fe.ane -

synchroni zat i gne1d8g 27 e AN QIHdy RALLATEAR" EoPLgheLaRLy sididl e 32, 21
efl to de hi gh

BCH code words_which are pred ne ) provi I gh code word correl ation
reliability, ShEVRAFcAah? PF SRtivedich A6 Ee66TER8AJAPAVRI 15 rH W at whi ch

25 addresses pps.NnESRAJESSRI €lddANTiddnGdatEde biyabbexbel vk deénaestdhe data
bi t rates ghi gharg Usgdh NS, O Rt BC3La08 N9 protogP! -
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
frequency by two to generate a 64X clock at 102.4 KHz.

15 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
high (Hi) threshold output signal values required for

20 modulation decoding. After symbol synchronization is
achieved with the synchronization signal, as will be
described below, the controller 816 generates a second
control signal (Center Sample) to enable selection of a 1X
symbol clock which is generated by symbol synchronizer 812

25 as shown in FIG. 8.

Returning to FIG. 8, the 4-level decoder 810 operation
is best understood by referring to FIG. 10. As shown, the
4-level decoder 810 comprises three voltage comparators
1010, 1020, 1030 and a symbol decoder 1040. The recovered

30 data signal couples to an input of the three comparators
1010, 1020, 1030. The high threshold output signal (Hi)
couples to the second input of comparator 1010, the average
threshold output signal (Avg) couples to the second input
of comparator 1020, and the low threshold output signal

35 {Lo) couples to the second input of comparator 1030. The
outputs of the three comparators 1010, 1020, 1030 couple to
inputs of symbol decoder 1040. The symbol decoder 1040
decodes the inputs according to the table provided below.



Bit Rate "A" Val ue 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 nmessage transm ssion, although it will be
appreciated that nore or |l ess data bit rates can be predefined as well,
dependi ng upon the system 9 requirenentst2 A fourth "A" value is al so
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 erm ned nunber of bits resey egsbgg_iddentify t he fdu% ghunber, such as

7 bits encoded to define frame numbel 0 frane nunber . The structure

of the second synchroni zatiion code R¥gpreferaby sini IMEB t &SBhat of the
first synchronization 1Q«ggpe desgm&ged abowe,; ;Hawever ,0 unlicke the first
synchronizgtion code whigh 1s pre&gﬁably tr _nig}ed at, a fixed data synbol
rate, such”as 1600 bps (‘biis per dond), thei®econd synchroni zati on code
is transmtted at the d&Cgpsyhbol RCaphe>at wWRCGl Phe addr ess land nessages -
are to be 15 transrritteckd'irrll any gilg,galrrl1 Lrame gcfonsequentyly, the second

As shown in the table above, when the recovered data
10 signal (RCjpy 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.
The MSB output from the 4-level decoder 810 is coupled
15 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
two positive deviation excursions of the analog 4-level
20 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.
The operation of the symbol synchronizer 812 is best
25 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
selector 1120 is preferably a divider which provides
selective division by 1 or 2 to generate a sample clock
30 which is thirty-two times the symbol transmission rate. A
control signal (1600/3200) 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
35 coupled to an input of 32X data oversampler 1110 which
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



synchr'oni zati on code allows the data comruni cation receiver to obtain
"fine" bit and franme synchroni zation at the frame transm ssion data bit
rate. In sunmary the signaling protocol utilized with the 20 preferred
enbodi ment of the present invention conprises 128 frames which include a
predet er mi ned synchroni zati on code follomeq'by el even data bl ocks which
conpri se eight address, control or nessage Sode wor ds per phase. The
synchroni zati on code enables identification of the data 25 transm ssion
rate, and i ns@rEBusypehsenvizen ivrsmpalheddst dscdeiraniedt i oRneesam®Ee with

the data codecwBefSikransyi dbgshed dd@uny A4S ol angil,sgbopyrpses: FIG 8
Is an electrical block_ diagram of the data conmunication_receiver 106 in

accor dance wi CATEREEpHL$RrYRiCO SiddiiRsst tor JeReTpFEstit 2rAvehtF B O he
heart of the @abaksosynsheshifed riesaiheredveredadaeat soghel . 8ile which is

pref erabl y- i npl. ed usj an. MC68H Cl.l_. mcr ter, h _as

manuf act ur%dngfigﬁgérg a?é?%%.cﬁ%ul% gig@or%ﬁu?@?%%%ﬁgl %rér?g'ﬁ% Enafter
call the cont cohhtergleiherceie edni3b ealue gledeetors 11Apudsteértem a symibel  of
peripheral ci calb! Sa BILSAOVE ddhdi{ted wiAMh GANGLELE bhEARPCsAEE O Ad

I nteraction of | eri pheral Tircurts using sof tware subroutines. The use
of a m croconPit8r LEBNERETERE FQnt °§H?Hﬂ%§%§?§rﬂé/§ﬁdCEBHF%BI1$ﬂ%ctions i's

wel | known toceneuetently, a pulse is generated by the data edge

10 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,
the output generated by AND gate 1150 causes the count of

15 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
1150 arrives after the generation of a count of thirty-two

20 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
circuit 1140 from the data edge detector 1130, thereby

25 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.

30 Input Control Rate Rate 2X 1X
Clock Input Selector Selector Symbol Symbol
Divide Output Clock Clock
(Relative) (SPS) Ratio (BPS) (BPS)
35 64X 1600 by 2 32X 3200 1600



ordinary skill in the art. The data conmunication receiver 106 is capable
of ‘receiving address, control and nessage information, 5 hereafter called
"data" which is nodul ated using preferably 2-1evel and 4-1evel frequency
nmodul ati on techni ques. The transmitted data is intercepted by an antenna
802 which couples to the input of a recelver section 804. Receiver section
804 processes the received data in a manner el 10 known in the art,

provi ding at the output an anal og 4-1evel recovered data signal, her eaf t er
call ed a recovered ¥atshevyni .thEh¢abdeorbrwd, doha X gad 2% mutpﬂed to one
input of a threphotdl 4.8 eeddtact h@B0G @§uota§<9864@dldoltt% Heod %@%g f 2

4-1 evel decoder 810. The threshold | evel 15 extraction circu

under st ood by B¢ RyRGIanGzed vikh sheshespverntdrdates sighadi-ocked | evel
detector circuits 902, 904 which have as inputs the recovered data signal.
Level detecgtor 902 ect eak si gnal | Lt ude val ue a V|des a
hi gh peak t resholdggég% fiﬁ%P aEW'l nﬁ?5§§$tbg afst?ﬁﬁﬁmaQégégﬁ

si gnal anpl i t vdefemnting twhiBXs .| avel GBEeEKosyﬁﬂdldelmnksisIubmpﬂddetcsagnal

anpl i t ude val ug; and cgftectggnﬁc ! | %wwlgeéd %i%&% aVﬂfoh

proportional to the val I'ey si gnal |"ue of ?he recovered

data signal . ThEupely m@p@plgaztogmsw@mmcmlpm@w efcéis ed to
terninals of r@mcs;t %@t@%lé&%r nespect Mgl ¥ymdHe QpRAs tﬁgfn%&' t(@fs

term nal s %% rOV|de the hi h t hreshol d” out put _signal_"(H ), 't he

| ow t hresHl d SR b ATSi GRS &P P@é"p’éc?ﬁv%‘lymﬂ‘h‘é FHb SHe T §-t2@r°

term nal s 906 A%dQlextor 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
15 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 selector 1210 which results in a single bit
20 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
parallel to serial converter 1220. The 2X clock input is
25 selected by clock rate selector 1210 which results in a
serial two bit binary data stream to be generated at 2X the
symbol rate, which is provided at the output of the
parallel to serial converter 1220.
Returning to FIG. 8, the serial binary data stream
30 generated by the 4-level to binary converter 814 is coupled
to inputs of a synchronization word correlator 818 and a
demultiplexer 820. The synchronization word correlator is
best understood with reference to FIG. 13. Predetermined
"A" word synchronization patterns are recovered by the
35 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

synchronization patterns within an acceptable mafgin-of



30 al'so coupled to terminals of resistors 908, 910, respectively. The
opposite resistor 908, 910 termnals are coupled together to forma

resi stive divider which provides an average threshol d output signal (Avg)
which is proportional to the average value of the recovered data 35
signal. Resistors 906, 912 have resistor églues preferably of 1R while
resistors 908, 910 have resistor values preferably of 2R, realizing

t hreshol d out put signal values of 17% 50% and 83% and which are utilized
to enabl e @508 ngnt ha" 40t eVletbadat PWinytalis §en@FrREedeabésts i grREPIRd ow.

When power IStbnbbhakbuappd;:L@d t'ﬁhé R rtaGRI1Ler "ROT birOMa -BSr Whesr-d he data
communi cati on recei ver t ur ned _on, e selector 914 is

ra
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di vider 846 which divides the output frequency t wo generate a 64X

clock at 102. 4PRp¥F OfsthReELRME MPED d939dey, h?ﬁ@ Y?BRhcﬁﬁeRdﬁflEh% t he
| evel detect of3al@2wo284ah@ peYVITdEONOSINAdeaSh Of 8h¥eEYaf80hlimber

10 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

15 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

20 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.

The supply of power will be suspended until the next frame

25 assigned to the receiver, at which time a battery saver
signal is generated by the controller 816 which is coupled
to the battery saving circuit 848 to enable the supply of
power to the receiver portion to enable reception of the
assigned frame.

30 Returning to the operation of the synchronization
correlator shown in FIG. 13, a predetermined "C" word
synchronization pattern is recovered by the controller 816
from a code memory 822 and is coupled to a "C" word
correlator 1330. When the synchronization pattern received

35 matches the predetermined "C" word synchronization pattern
with an acceptable margin of error, a "C" or "C-bar" output
is generated which is coupled to controller 816. The
particular "C" or "C-bar" synchronization word correlated



period of time the peak and valley signal anplitude values, and to
therefore generate the | ow (Lo), average (Avg) and high (H) threshold

out put signal values required for 20 nodul ati on decoding. After synbol
synchroni zation is achieved with the synchroni zation signal, as will be
descri bed below, the controller 816 generates a second control signal
(Center Sanple) to enable selection of a 1*63ynbol cl ock which is generated
by synbol synchronizer 812 25 as shown in FIG 8. Returning to FIG 8, the
4-| evel decodero8i@eepéfanebnfiandegtnammerigiatddnbyor ther stagt tof AtIe 10.

As shown, the e £ oder rises three voltage conparators 1010,
1020, 1030 angéggsiﬁgogsgeggdgﬁ;l . The recovered 30 data_signal couples
to an input of theRekugaipgnparbiGr S1ddw stexny ofosbe FREUALgR2ERATr eshol d
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12 Threshol d understood bpyreferying to FIGayd4. A copprol signsB (3P

4L) is coupled to an input of clock rate selector 1410
10 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

15 +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

20 which are synchronized with the incoming 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
memory 822, the transmission phase number to which the data

25 communication receiver is assigned. The phase number is
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

30 selector 828 and is coupled to clock inputs of the
demultiplexer 820, block de-interleaver 824, and address
and data decoders 830 and 832, respectively. The
demultiplexer 820 is used to select the binary bits
associated with the assigned transmission phase which are

35 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

which de-interleaves eight interleaved address, control or



n < RCn < RCGn < 0 05 RCGn < RCGn <

n > 0 1 RCGn < RCn > RCGn > 1 1 RCGn > RCi n
RCn > 1 0 As shown in the table above, when the recovered

data 10 signal (RCin) is less than all three threshold val ues, the synbol

generated is 00 (MSB = 0, LSB = 0). Therea ter, as each of the three

threshol d values is exceeded, a different Synbol is generated, as shown in

the tabl e above. The MSB output fromthe 4-1evel decoder 810 is coupled 15
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the data decoder 832 and stored in a message memory 850 in

'88

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.

15 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

20 834 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.

Following the detection of an address associated with

25 the data communication receiver, the message information is
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

30 using the user input controls 838 whereupon the controller
816 recovers the message information from memory, and
provides the message information to a display driver 840
for presentation on a display 842, such as an LCD display.

FIG. 15 is a flow chart describing the operation of

35 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,
the controller operation is initialized, at step_lSOi.



sanpl e ‘clock rate for synbol transm ssion rates of 1600 and 3200 synbol s
per: second. The selected sanple clock is 35 coupled to an input of 32X
data oversanpler 1110 which sanples the recovered data signal (MSB) at
thirty-two sanpl es per synbol. The synbol sanples are coupled to an input
of a data edge detector 1130 which generatei8 13 out put pul se when a
synbol edge is detected. The sanple clock is”also coupled to an input of a
di vide-by-16/32 circuit 1140 which is utilized to generate 1X and 2X synbol
cl ocks synchr ?fvwasd % redoddcevdredprraied stgridie fﬁuaﬂ?am\noaédODytbGIBZ

circuit 1140 i ggggeyéggﬂ& /e NE L et gget ect or
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1140 to be advanced one C unt I N response I's coupl ed
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1130, and wherwdie dqudre8 39¢pl edqgtiast Be spEYt19f2 ANRHIA & he non-

10 '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 (Tl) to the start of the frame
identification code word is identified, at step 1518. When

15 the non-complemented "A" word is not detected, at step
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

20 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
1520, the message transmission rate is identified as

25 described above, at step 1522, and because frame
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

30 ID detected is not one assigned to the data communication
receiver, at step 1528, battery saving is resumed, at step
1508, and remains so until the next assigned frame is to be
received. When the decoded frame ID corresponds to an
assigned frame ID, at step 1528, the message reception rate

35 is set, at step 1530. An attempt to bit synchronize at the
message transmission rate is next made at step 1532. When
bit synchronization is obtained, at step 1533, the "C" word

correlation begins at step 1534. When the non—cémplémented



1150 drrives after the generation of a count of thirty-two 20 by the

diwvi de-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
circuit 1140 fromthe data edge detector 1130, thereby 25 enabliing the
synchroni zati on of the 1X and 2X synbol clocks with the recovered data

signal. The symbal clock ene d a under e table
bel ow. 30 I nput woid r‘r{%@‘l cted, ka g 18387 % ame sy ‘%%%nlzgtlfg C ock
| nput Sel ets orpbtBuiestt emd Shebdlime $FADotolbhedstart Qft pute meSlsegk

O ock (Rel . . RALiQs PS BPS) 35 64X
1600 (Re atlyﬁ °£§@on§fxld%%§lfgéed’ at si%ﬁol%%g ) (3202) by 1

64X 6400 Whemothe nop-gemplepentadt NE"t ¥Breé AHovet defectedngtox

synbol cl eacksgse DETES atretd cheQe %ﬁ@onaﬂdcﬁlﬂQQeﬁéﬁﬁecDeTC'Se\Qﬁm maRd are
synchroni zed wth the recovere gata -l evel, binary

converter 814°FY¥S REF™ fFHSHERSEH OBy 2 rngfgl ﬁr?ﬁ @??%n%£¥raﬁﬁ§¥f§¥QQWb8l
clock is coupﬁedemmaﬁlmstlschadle whptheof thecbomlklemm: s'&l dxtxdr 115210. A 2X

synbol cl ock gk cfé&%”éf fﬁ %g@ondwﬁggckgénp§ob£{ £liack J;

sel ect or 1210 ut si are coup ed to
i nputs of an #9FREL t%i5ﬁ§&ﬂﬂ%§ﬁ012395103t1n9 that the "C-bar" word may

10 also have been corrupted by a burst error during
transmission, battery saver 6peration 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

15 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

20 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
first predetermined synchronization code word, allows

25 accurate frame synchronization on either the first or the
second predetermined synchronization code word. By
encoding the synchronization code words, additional
information, such as the transmission data rate can be
provided, thereby enabling the transmission of message

30 information at several data bit rates. By using a second
coded synchronization word pair, "fine" frame
synchronization at the actual message transmission rate can
be achieved, and again due to spacing in time of the
synchronization code words, the reliability of

35 synchronizing at a different data bit rate with
synchronization information which is subject to burst error

corruption is greatly enhanced, thereby improving the



A selector signal (2L/4L) is coupled to a selector input of the clock rate
sel ector 1210 and the selector input of the input data selector 1230, and
provi des control of the conversion of the synbol output signals as either
2-level 15 FSK data, or 4-level FSK data. Wen the 2-level FSK data
conversion (2L) is selected, only the MSBygutput is selected which is
coupled to the input of a parallel to serial converter 1220. The 1X cl ock
input is selected by clock rate selector 1210 which results in a single bit
20 binary daehiaRFEER 1f HgysiadraCOlHRiCRELBRt PEES LTS nE° pf 16t to
serial convesh@rpiedént Wedkddee 4d enel reSKidatrausenversion (4L) is

sel ected, both thﬁ LSB and MSB outputs are sel ected which are coupled to -
the inputs of the ﬁa #+8i to serial converter 1220. The 2X cl ock input is
25 selected by clock rate selector 1210 which results in a serial two bit
bi nary data streamto be generated at 2X the synbol rate, which is provided
at the output of the parallel to serial converter 1220. Returning to FIG
8, the serial binary data stream 30 generated by the 4-level to binary -
converter 814 is coupled to inputs of a synchronization word correl ator 818
and a denul tipl exer 820. The synchroni zation word correlator is best
understood with reference to FIG 13. Predeterm ned "A" word

synchroni zation patterns are recovered by the 35 controller 816 froma
code nenory 822 and are coupled to an "A" word correlator 1310. Wen the
synchroni zation pattern received nmatches one of the predeterm ned "A" word
synchroni zati on patterns within an acceptable nmargin of



15 ervor, an "A" or "A-bar"™ output .is generated and is coupled to

control l er 816. The particular "A" or "A-bar" word syRchroni zation pattern
correl ated provides fra ﬁmm to the starjf !
word, and al so 5 defines l! mmu)mm"le of the mes aEﬂSISWEE\pI
preV|oust descri bed. The sefi al i ndry* at,a stream ils_al sREFRUP %@N n
i nput of the franme word decoder 1320 which decodes the -and
provi des an indication of the frame nunber 10 currently bejng receive
the controller 8161. Dudi flgtaypempepifatiionoFecei¥RT asPFOY I hPULHt i al

receiver turngre8r pﬁwéctédsdﬁiﬂ Is%ch@ohﬂaat@@ﬁ; V@csmmshr@n by battery
saver circuit 848, shown,in g@ enab $ %ecqﬁilon of the "A"
synchroni zat i on wo?dreﬁglﬁﬁgé??ﬁﬁ&Pﬁ. Englvéﬂg ﬁﬂ c iHfies to be
supplied to esghthrpnbzessomgiaiia tanel messiagdelnbbrmdiel @y ndhindrirddnoon code.
The contro}ler,8 Y, ceived with
a list of %ss%&négaggg?ngf%%ﬁgsgéc?gﬁe '}';:ﬁ%ﬁ(%g géérrg?r%ﬁ cng%lz ﬁ%ul d the
currently recéepagatedney 20 Prﬂﬂﬁﬁﬁfminﬁﬁeﬁrﬁﬂémiéﬁl%%S?QM%GJFK5W@1ﬁunbers

the controller 816ngang! ak8spPedatd iai IR varIpaLt¥h chrds coupled to an
i nput of battery saver CIrCUIt 848 suspendlng t he supply of power to the

recei ver port CORTEFREIREPHRS W? BAsHep@tded until the next

frame synchronization code words, and for generating in

10 response thereto first and second coded correlation
detection signals;
generating means, responsive to the first coded
correlation detection signal, for generating a first
block start signal, said generating means, being further
15 responsive, in the absence of the first coded
correlation detection signal, to the second coded
correlation detection signal for generating a second
block start signal;
message decoding means, responsive to the first and
20 second block start signals, for decoding the detected
message information; and
display means, coupled to said message decoding
means, for displaying the decoded message information.

25 2. The data communication receiver according to
claim 1, wherein the second synchronization code word is
different than the first synchronization code word.

3. The data communication receiver according to
30 claim 1, wherein the predetermined time interval
corresponds substantially to the burst error duration
expected on a data channel.

4. The data communication receiver according to
35 claim 1, wherein the first and second block start
signals identify a substantially identical point in time
where message information decoding is to begin. . . . i———m —o
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25 dssigned 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 supply of power to the recei ve{”'mmﬂm"" | e
reception of the assigned frane. 30 Returning to ’wmﬂ

*

t he synchroni zation correlator shown in FI% 13, a predeternfnet "'T' swor
synchroni zati on pattern is recovered by th& controller 816 froma code
menory 822 and is coupled to a "C' word correlator 1330. Wen the
synchroni zati on pa®t er nThe @t FBTUNGEREAER FRECHYRIAMHEY € word

synchroni zat i gnaati erwhatdih ahed@e8Bhab! enfBIAti X & Hanstmit€edqor
"C-bar" output is generated ngch |s,cogﬁéed to ¢ ntnﬂ%&g.Sl%%tThe
particul ar "CPo? SIYHCe Qi dHeBRFz APPIRIIRT ST Eat oD Brovi des
"fine" franme apdchessagatinforimatiba,stadtthé s$ywecliadral gzdritonodast t he frane.
Returning &40 t 1.Qn, 1_S bl i shed by
t he contré%le?bgﬁ%gﬁéﬁggaﬁ%%gEg%bebEggégégg#?ggé%ﬁéyH%ﬁﬁﬂg §t§?§ %mhich S
coupl ed to i npurkenf andwrhengdn kher BatiaecoBpun heat o steraigedvery tim ng

circuit 826. ¥herAdf acdAuRdyy. timng circuit 826 is best understood by
referring to FIG 14. Acontrol signal (2L / 4L) is, coupled to _an input of

clock rate sel ect oP2theeY 19AVIRY A8 eEPE ePRREPLIICS I sURRIS Of ock

inputs. The power to said receiver portion;

10 code memory means, for storing a predetermined
frame number to which the daté communication receiver is
assigned; and

frame word decoder means, responsive to the first
and second block start signals and to the detected frame

15 number, for generating a frame decode signal when the
detected frame number matches the predetermined frame
number,

said battery saving means being responsive to the
frame decode signal, for maintaining power to said

20 receiver portion to enable the reception of the message
information during the assigned frame.

6. The data communication receiver according to

claim 1, wherein the first and second coded

25 synchronization code words are selected from a plurality
of synchronization code words which designate message
information transmission rates, and wherein said
correlation means further generates a data rate signal
indicative of the expected message information

30 transmission rate.



sel ected synbol clock is csé;}bd-to the input of a phase generator_ 1430
which is preferably a clocked ring counter which is clocked to generate
four phase output signals (01- 04). A block start signal Hﬂuﬂ

an input of 15 the phase generator 1430, and is used to 'ﬁmmmumlim)
counter in a predeterm ned phase until the ?ctual decodi ng bf % he¢ nmessag
information is to begin. Wen the bl ock st% t signal rel eases the phase
generator 1430, the phase generator 1430 begins generating c| ocked phase
signals 20 which dre sYhehfahe zeempnication FeSEiNgT mBSSREELRY I S.

Referring backihomFéGrhdreihernd Gated sinebeonli 988l of Ul PEdSnati®ncoupl ed to
I nputs of a p the controller 816

ase. sel ector 828. ring . operatiqgn
recovers fron&PﬁghEBdénﬁﬁ%Qﬁi'Qﬁz,eqﬁﬁaﬁh&iﬁsﬁFas?BHrE%ase number to which
the data 25 egnarhpronazavion easdeyevorids aepagaecdd byhe pdasel nunber i s
transferred {9 the. phascselonlotuadl (LaErkoSelest) olqthe sontioller 816
and is couple 0 an Tnput © ﬁﬁase $& ector “B2E. phase cl'ock,
correspondi ng trensméttednswbssiusntphes dhes sirghenisssoprolitdwl frsthe out put
of the phase 304 seb8fik 05y St 15 OWIRA whas!, 0ka | MK S Pferihe
denul ti pl exer 820, bl ock de-interleaver 824, and address and data decoders
830 and 832, r@&peEPIpericatin JBRARLVEN EXEthEFOCPEPEAERSt 0 sel ect the

bLnary bitsdassocLabednaﬁmb?ﬁbf féé%ﬁﬁgﬁbé:ﬁfn&mksahea ﬁaaﬁe5¥gﬁ1?ndare 35 )
t hen coup to the input.o ock de-interleaver 824 and cl.ocked into the
de-tntor | e0verO: PErERRELLSS AT et aes ToREEE P BERe SRR T el eaver
array i s an 8x8Zebwbrdsray wie cixphotiat exlssages iefghmativmer| eaved address,
control or

transmission rate, and for generating in response

thereto third and fourth coded correlation detection

signals,

15 sald generating means being further responsive to
the third coded correlation detection signal, for
further generating a third block start signal, said
generating means being further responsive, in the
absence of the third coded correlation detection signal,

20 to the fourth coded correlation detection signal for

generating a fourth block start signal,
wherein said message decoding means, is further

responsive to the third and fourth block start signals,
for decoding the detected message information, and

25 wherein said display means displays the decoded message
information.

8. The data communication receiver according to
claim 7, wherein the third and fourth block start
30 signals identify a substantially identical point in time
where message information decoding is to begin.



17 nmessage code word'é';"""6'c')'r"r"espon.di_____ng to one transm ssion block. The
@e words are coupled to the input of address

de-interl eaved a#m
correl ator 830.: ﬂﬁ/‘?[ Mw 6 recovers the address patterns assigned

to the data 5 comuni cal ver, and couples the patterns to a second
I nput of the address correl afor* When any @f the de-interleaved address
code words matches any of the address patterns assigned to the data

comuni cati on recejver WI({ hi n an accegt abl e rTB]T[TégllHn of .er.ror thg nmessage 10
i nformati on associ at ed Aidata FOMIHALEeLIPR FHETFRHITIHF NG PHESEat a decoder
832 and st or eglrror proveagd datar ¥y dairéomi ga tniromercomplliskngwn t o one of

ordinary skil] _in the .art .l owi ng. the storage of the nessage
i nformati on, %r%ﬂ;snnélr%lg‘ga grggss%éﬂlﬁ% 1%1'}1%ener‘at ed by the controller 816. 15
The sensi bl e al er tmedrmdlon gegrdvinabihgssageud fnmmatlion desgaaptedl t hough

it will be appsecd aifd ahufliBeEiSENSeM) & ert signals, such as tactile
alert signals, and visual alert signals can be generated as well. The

audi bl e alert signd$ans fBuFEBETBYIRGe2E et | BT @0 s87°8Fert dri ver: 20
834 which is sgrchidhidatienasodddiwdtd@s al erti ng device, such as a speaker or

a transducer 836. The user n_oyerride the, alert signal generation through
the use of user inlb?ﬁmsc rg%?“ggglflﬁ gh?m JrfésFtv%Iﬁ %r?&ﬂﬁigl n the art.
Fol | owi ng t hesyletlon igatdnapodddvesds agsidti atppreddtiermined time
10 interval therebetween to derive synchronization data,
said formatting means further formatting the
synchronization data with message information,
means for transmitting the synchronization data and
message information on a data channel; and
15 a data communication receiver comprising
a receiver portion for receiving and detecting the
transmitted synchronization data and message
information;
means, coupled to said receiver portion, for
20 correlating the detected first and second
synchronization code words, and for generating in
response thereto first and second coded correlation
detection signals;
generating means, responsive to the first coded
25 correlation detection signal, for generating a first
block start signal, said generating means, being further
responsive, in the absence of the first coded
correlation detection signal, to the second coded
correlation detection signal for generating a second
30 Dblock start signal;
message decoding means, responsive to the first and
second block start signals, for decoding the detected
message information; and
display means, coupled to saild message decoding

35 means, for displaying the decoded message information.



25 the data communication receiver, the message information is coupled to
t he i nput of data decoder 832 which decodes the encoded nessaggp j

into preferably a BCD or ASCII format suitable for storage andﬁmmmﬁgmmmm
di splay. The stored nessage information can be recalled by the user nog
usi ng the user input controls 838 whereupo E)ihe controller 816 recovers the
nmessage i nformation from nmenory, and provi dés the nessage information to a

di splay driver 840 for presentation on_a display 842, such as an LCD

display. FIG 15 isl® 1B didir coBaEpiprhor heeepkralt iaGeBr1i8g tohe data
conmmuni cati on ¢EcEh VB wheradeotdansecvhd hefdthriurdf-ericod esbediwoeatiof the

pr esent inventéqﬂ% %; S%&P 13%2, mheF t he data ¢ nnunicgtion receiver is

turned on, theot {5 a@p §t FoRS SSY?EQFgﬂﬁ%fe&PnaFO Feﬂof§04. 18

Power is periodically applied to the receiver portion to enable receiving

| nformat i 0B presenty pn (g 460031 60I0F! rodliafdaidbdih ! let ect ed

on the channel in a predetermned tinme period, battery saver o%ération is 5
resuned, at st@RUBIB. WN@§¢1@a$§ei§rﬁé¢ékﬁmkPQﬂ1ﬁﬂm§ dnasm¥Rpl at step 1506

the synchroni zediesptiidt Gbsehat9hl PROtSStIRE WGt @rier Butation
synchroni zation at step 1510. \Wen ﬁlt gfnchronlzatlon is obtained, at step
1510, the "A" %&F?FQ?&IQQ Coffabagrheni®l st ep 1512. When the non- 10

conplemented "A" word is detected, at step 1514, the

10 12. The data communication receiver according to
claim 9, wherein the first and second block start
signals identify a substantially identical point in time
where message information decoding is to begin.



message transmission rate is identified as described above, at step 1516,
and because franme synchroni zation is obtained, the tine (Tl) to the start

of the franme identification code word is identified, at step 1518. \Wen 15
t he non-conplemented "A" word is not detected, at step 1514, indicating the
non- conpl enented "A" word may have been co. & upt ed by a burst error during
transm ssion, a determnation is made whether the conplenented "A" bar" is
detected, at step 1520. When the "A bar” word is not 20 detected at step
1512, indicating that the PRIHarCONMYNIGRTIANS oRBRGHFEVE®en corrupted by a
burst error during transngagir®ie, BeRber VEBROR!' IHEred¢Tep i S again resuned,
at step 1508. Wen the "A-bar" rd | el ected step 1520, the nessage
transm ssion rate is identifiéﬂﬂg% Q%ENéhggwﬁgéglg%Bve, at step 1522, and
because frane synchronization is obtained, the time (T2) to the start of
the frame ddentification code word is identified, at step 1524. At the
appropriate tine, decoding of the franme identification word occurs, at step
1526. When the frafedsba conpnicatden gegeivere(186) greay idinghdbugsta

comuni cat i oN k@RI ¥Bbtedted @it al 398 cnBBhL BEY i SRVE b Hdesumed, at step
1508, and renmins,so until the next assigned frane Is_.to be received. Wen

the decoded fFERELVEF cBPY e pbidO4)o IR BESPyNERT raRtndatgctddst ep 1528, the
message recepsiyaohrahezabion datal andt mekepgd S8Rfornfit iadr.emThet 0 bi t

synchr oni at._th e transm ssion rate is next..mde at. step 1532.
Wnen bi t S nervBaTs iRl BIS rRletecd & el iR ablq3eflna

correl ati on beyhabrarizakjon 53le Woedst hepavatednyy enmnestermined

transmission time interval. A synchronization
correlator (818, 1310 or 1330) correlates for the first
synchronization code word, and in the absence of

15 correlating the first synchronization code word,
correlates for the second synchronization code word,
thereby insuring synchronization with the received
message information.

Fig. 8 accompanies this abstract.



19 "C'" word is detected, at step 1536, frane synchroni zation is obtained,
and the tinme (T3) to the start of the nessage information is identified, at
step 1538. Wien the non-conplenented "C' word is not detected, at 5 step
1536, indicating the non-conplenented "C' word may have been corrupted by a
burst error during transm ssion, a determi nation is nmade whet her the
conplenent "C bar" is detected, at step 1 . Wien the "C bar" word is not
detected at step 1540, |nd|cat|ng that the'"C-bar" word may 10 al so have
been corrupted by a burst erro= ansyi-sst tefy saver
operation is again resunmed, ai Wh ‘ S

code word, a

[¢

det ected, at 1540, Eggg e} d, \ he tine
(T4) to t he of th ssa on E? ed, 5 step
1542. At thpSppfopriatle tind ' gy ep 1544. In
summary, by pkovi §i ng tiple t Kds er ar e ®Qaced
intime, thel&mfbility of sy W 1 1|zat]i nf ormat i on
which is 2 §J§ ct to burst, ti y ed. (Dhe
use of a prefi& ar ¥ ned synchro ' [ ciade ywor as the |fit Py
synchr oni zat 6%%% de word, and~a;hFeend P&d&#g?ﬂ1ﬂ@ﬂ‘ ynehr zatldh;code
word which i 58 conpl emenglg{ e fix prggj d synchy &rifzati on

lows
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25 accurate franme synchronization on either the first or the second

pt edet er m ned synchroni zati on code word. By encodi ng the synchroni zation
code words, additional information, such as the transm ssion data rate can
be provided, thereby enabling the transm ssion of nmessage 30 information
at several data bit rates. By using a second coded synchroni zation word
pair, "fine" frame synchronization at the actual nessage transm ssion rate
can be achi eved, and again due to spacing in tine of the synchronization
code words, the rgpliability of 35 synchro@/Zing at a different data bit
rate with sy I zation information which is subject to burst error
corruption ifs tly enhanced, thereby inproving the 20 reliability of
the data co tion r 'Ver-]to recei ve and present nessages to the
recei ver usdr,, Wefclaim Efl 1. A data communi cation receiver,

provi ding burstsefror prptpgteadidata synchronization, conprising: a
receiver portécﬁi for recgi /91g and detecting synchroni zati on data and
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5 at "l east first and second synchroni zati on code words separated by a
predeterm ned transm ssion tinme interval; nmeans, coupled to said receiver
portion, for correlating the detected first and second synchroni zati on code
words, and for generating in 10 response thereto first and second coded
correl ation detection signals; generating nmeans, responsive to the first
coded correl ati on detection signal, for‘generating a first block start
signal, said generatjing bei ng furdMer 15 responsive, A%g t he pioaey
of the first coded qorxe ation detection signal, teg the secom®~coded
correlation detectlcnj§ r_generating a secdﬁb bl ock st art §Pg
nmessage decodi ng Yve to the first and 20 seco
signals, for decodi ‘ ¢ ed nessage i nformation; and
coupled to said e dagp acgodng neans, feor di spl aying the d
information. 25 : £ co i cation recei

claim1, wherein the P i Q word is

first synchronizatid , : 3\. The © g onTuni cat
according to 30 clad %I%i tihe edp ned time

corresponds subst antli by ép rr 35 % ation exp
channel . 4. The | qrD12¢ei Versgecordi ng t
wherein theddirst caﬁ k |st ar
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signdls identify a substantially identical point in tinme where nessage

i hformati on decoding is to begin. | 22 5. The data conmuni cati on
receiver according to claiml1, wherein the nmessage information is
transmtted in a sequence of franes including synchronization data and
message i nformation, and the synchronization data 5 further includes franme
i nformati on designating a frame nunber, and wherein the data communi cati on
receiver further conprises: battery saving neans, for controlling the
supply of power to said recejyer portion; 104/7 code nenory neans, for
storing a predeterm ned fra nunber o which the data conmmunication
receiver is assigned?SthSWm@W@Lm6¥%3 YESHD neans, responsive to the first
and second block start sign&l¥ and t ®AHe detected frame 15 nunber, for
generating a frame defode sidnal when fhe detected franme nunber matches the
pr edet er mi ned fr amve Muer r ~-3ai-ad ~Patt-ey 4~ savr ng-Aeanrs: 'ﬂg-requnsive to
the frame decode:signal, for jmai ntai ning power to gai O receiver portion
to enable the recepti pn of the nessage|inflormation durgng yﬁ@o§s$igned
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6. ~The data conmunication receiver according to claim1l1, wherein the
f4rst and second coded 25 synchroni zation code words are selected froma
plurality of synchronization code words which desi gnate nessage infornmation
transm ssion rates, and wherein said correlation nmeans further generates a
data rate signal indicative of the expected nmessage information 30
transm ssion rate. 23 7. The data communi cation receiver according to
claim6 wherein the data synchronizationgjmformation further includes at
| east third and fourth synchroni zati on code words separated by a second 5
predeterm ned transmssion tine interval, and which are transmtted
subsequent to the transm ssion of the first and second synchroni zati on code
wor ds, and wherein the data communi cation receiver further conprises second
means, responsive to the data rate signal, 10 foE gorrel ating the third and
fourth synchronizati on code words at the expegte 1 ssage i nformation
transm ssion rate, éneﬁigr\generaﬁ NG "Iy qsgsponse” theféf 6 "t hird and Tolurth
coded coréé‘éwgﬁ%géte,t. orrstomratsT—45 f enerating meansg Rei ng
further r tg.| he B3DATAded |cor rleDATAOEDEE ¢¢li on si P ry
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further generating a third block start signal, said generating nmeans being
furt her responsive, in the absence of the third coded correl ation detection
signal, 20 to the fourth coded correlation detection signal for generating
a fourth block start signal, wherein said nmessage decodi ng neans, is
further responsive to the third and fourth block start signals, for
decodi ng the detected nessage information, and 25 wherein said display
means di spl ays the decoded nessage i nformation. 8. The data comuni cati on
recei ver according to claim7, wherein th6/Zhird and fourth block start 30
signals identify a substantially identical point in gppe where nessage
I nformati on decoding is to begin. 24 9. A data communi cation system
provi di ng burst error protected data synchroni zat{on, conprisin
transmitting neans conprising neans for receiving| me<e@hE MEMS
desi gnat ed | ﬁ data communi cati on receiver,
c

| east first ond synchroni zati on code mqéﬂg tting the
first and se synchroni zati on code words w g\pr time 10
i nterval therebetween to derive gxgchronization dpra
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saLd'ﬁ%fnatting means further formatting the synchronization data with
nmessage i nformation, neans for transmtting the synchronization data and
nmessage i nformation on a data channel; and 15 a data comuni cation
receiver conprising a receiver portion for receiving and detecting the
transmtted synchroni zati on data and nessage information; means, .coupled to
said receiver portion, for 20 <correlating e detected first and second
synchroni zati on code words, and for generaZ|ng in response thereto first
r.Ta ; ati ng neans,
bn signal, for
. § nmeans, being further
correlation detection signal,
penerating a second 30
e to the first and
nmessage i nformation
means, for

and second coded correl ati on det ggpi pA gRal-s——gene

responsive to the first coded 25 -
generating a first block start signal’ ymmeisL. '
responsi ve, in the absence of tHeo4ipst
to the second coded correlation de
bl ock start signal; nmessage degodi
second bl ock start signal®®8
and di spl ay neans, cgs
di spl ayi ng the decog
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25 10. The data conmunication-recei-ver -accordi ng tﬂﬂﬂ@ﬂ@ﬁ@ﬁﬂ@ﬁ%ﬁhmlthe
. sécond synchroni zation code word is different thanjt TSt

atcording to caimo, (AMILY IIIUJ]IIEMLt ermi ned 41 o |1 e AUl T B bonas
substantially to the butst® efrof d
12. The data commruni cati on recei ver accor

first and second block _start signals identify a su

rat ion, gxpected o]

point in time whefe nedsggbai APBRwaiFahieRIRIHF IS PEONAEAY burst
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20
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30
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error protected data synchronization, comprising:

a receiver portion for receiving and detecting
synchronization data and message information, having
at least first and second synchronization code words
separated by a predetermined transmission time interval;

means, coupled to said receiver portion, for
correlating the detected first and second
synchronization code words, and for generating in
response thereto first and second coded correlation
detection signals;

generating means, responsive to the first coded
correlation detection signal, for generating a* first
block start signal, said generating means, being further
responsive, in the absence of the first coded
correlation detection signal, to the second coded
correlation detection signal for generating a second
block start signal;

message decoding means, responsive to the first and
second block start signals, for decoding the detected
message information; and

display means, coupled to said message decoding
means, for displaying the decoded message information.

2. The data communication receiver according to
claim 1, wherein the second synchronization code word is
different than the first synchronization code word.

3. The data communication receiver according to
claim 1, wherein the predetermined time interval
corresponds substanfially to the burst error duration
expected on a data channel.

4. The data communication receiver according to
claim 1, wherein the first and second block start
signals identify a substantially identical point in time
where message information decoding is to begin.
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