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10 The present invention relates generally to radio communication

systemns and in particular the present invention relates to two-way paging
systems for acknowledgement of a paging message.

BACKGROUND OF THE INVENTION
15 Conventional one~way paging systems are well known in the

art. Radio paging technology generally consists of simple tone pagers with a
tone alert, a voice pagers with a voice message, numeric messages or an
alphanumeric display pagers. In a typical paging system such as that shown
in Figure 1, a caller 10 places a call to a paging service provider at a paging

20  terminal 12. The paging terminal queues up the messages to be sent to a
number of remote paging units 14 via paging transmitter 13 whichi transmits a
strong signal to the service area where all the remote pagers reside with
enough power to reasonably reach all pagers within that market. Once the
message is sent, there is no confirmation that it was ever received. The

25 remote paging unit may be tumed off, interference may have prevented
reception, bad propagation conditions such as nmtltipath, the unit may be out
of the geographic service area, or any mumber of reasons may bave prevented
reception.

The messages transmitted from paging transmitter- 13 to remote

30 pager 14 generally use the POCSAG standard code for paging terminals. The

POCSAG code includes a preamble, an address and a message for remote



of the geographic service area, or any nunber of reasons may have prevented
recepti On The nessages transmtted frompaging transmtter 13 to renpte 30
'pager 14 general ly use the POCSAG standard code for paging termnals. The
POCSAG code includes a preanble, an address and a nessage for renote 2
pager 14. The pagers within the geographic market area all receive the
PCCSAG codes on an assigned radio frequency and scan each message for the
address assigned to the ndividual units. Wen the address (called a CAP
code) is reicpage 14t HBre pigersowithin the mmaﬂqe&amwnﬂtrembn&lthﬂg with the

code 5 is recqg nd d| Ia ed and user is,al erted. narkets
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pagi ng signal reception eavily constructed buildings, the fact that

t he antenna obOde)pmmoetved,e(hanﬂmroth&‘ iqr transnaitte aloeg the oadari t y of
5 typi oal St ot R AR displeF el eI Ro T Such as the Syst em shown
in. Figure 2. In this cgﬂfﬂagyrnﬁkag thé teatisinfitel 118 93 @Htapatii®X 15
through to the paging termnal 16 where the message is_received and queued
of covering the entire geographic area of the local market. This may be due
to the requirement of paging signal reception inside heavily constructed
buildings, the fact that the antenna of a pocket receiver is inefficient and the
10 proximity of the human body may affect field pattems for reception. In such
cases, it is typical to find a paging commumication system such as the system
shown in Figure 2. In this configuration, the caller calls through a PBX 15
through to the paging terminal 16 where the message is received and queued
for transmission through VSAT 18 and uplink 19 to a geostationary satellite
15 20 for simultaneous retransmission (multicast) to a plurality of paging
transmitter towers 13a,13b and 13c. In this fashion, an entire geographic
market can be serviced with the simultaneous transmission of the same paging -
messages over all transmission towers 13a-13c. The use of a geostationary
satellite of course is not the only method of sinmltaneous transmission to the
20 plurality of paging towers. Terrestrial links may also be employed.
A block diagram of a typical pocket paging unit sich as the
type used with the configurations of Figures 1 and 2 is shown in Figure 3.
This configuration is well known to those skilled in the art and includes a -
receiving antenna 21 driving a crystal controlled receiver 22 which down
25  converts the received signal and strips out the digital data using an
identification detector 24 to locate the CAP code address in the POCSAG
data If the address matches the receiver's address, an audible alert may be
sounded throngh speaker 29. The microcontroller 26 is available in
alphanumeric pagess to display the information received on LCD display 27.
30  Associated with controlling the operation of the pager are one or more push
buttons 28. The power unit is included which essentially powers the entire
pager with very small NiCd or alkaline batteries.



for tr%nsn155|on t hrough VSAT 18 and uplink 19 to a geostationary satellite
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market can be serviced with the sinmultaneous transnission of the same
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| remote pocket pager 14 has received the message and is responding. In such
10 critical industries such as the medical field, or for maintenance and repair
personnel, it is essential that the caller know that the called party has received
the message and is responding in a timely fashion. Unfortunately with the
systems of Figure 1, there is no such acknowledgement to give the caller any
| confidence. _
15 To address this problem, a variety of acknowledgement paging
_ systems have been proposed whereby the paging unit 14 has a means of
acknowledging the receipt of the message and even informing the user of a
memu of possible responses to the caller's query. Typical of these types of
systems is the system described in U.S. Patent No. 4,644,341 to Zabarsky et
20 al. entitled "Two Way Personal Message System With Extended Coverage"
which describes a relatively high power, wideband personal messaging system.
This system is typical of early messaging systems which were inefficient both
in power usage and bandwidth thereby Yestricting their use to a relatively
narrow market, A later attempt to extend personal two way messaging to
25 voice pagers is taught in U.S. Patent No. 4,811,379 to Grandfield entitled
"Speak Back Paging System".

- To alleviate the bandwidth and power limitations, more
sophisticated two-way messaging systems have been proposed. Typical of
these types of systems is the system described in U.S. Patent No. 4,825,193 to

30 Siwiak et al. entifled "Acknowledge Back Pager with Adaptive Variable
Transmitter Output Power”. In the Siwiak patent, an acknowledgement
paging system is described in which the remote paging unit has the ability to



3 An essential feature of these types of pocket renote paging units is the
ability to operate the receiving circuits at a very |ow power so that the
use¥’ need not change the Ni Cd or al kaline batteries on a too-frequent
basis. One of the essential marketing advantages of the use of pocket
pagers 5 is the |low maintenance and reliability such that the user need
not wory about frequent changing of the tteries. A major drawback in the
use of the paging systemof Figure 1 is the inability of the caller 10 to
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system and also tells it which frequency of the list of sub-band frequencies
10 upon which the acknowledgement pagers should respond. In this fashion, the
paging terminal reserves one of the sub-band frequencies for that particular
" acknowledgement message. By allocating and re-allocating the sub-band
ﬁequencies; collisions between simmiltaneous-transmitting multiple remote
paging units is minimized.
15 There is a need in the art for the ability to conserve power in
reverse pagers and the Siwiak system attempts to ameliorate this problem with
Hmited success. The users of acknowledgement pagers demand the same
performance and reliability of the acknowledgement pocket pagers as they do
from the one-way pocket paging units. The problem with acknowledgement
20 pagers, however, is the ability to transmit enough power from the pager so
that the acknowledgement signal is received at the paging base terminal site.
As was previously mentioned, the transmitting power from the paging base
transmitter 13 is sufficiently strong to réach most if not all of the geograpﬁic
market. If enough transmit power is unavailable to reach the entire
25 geographic market, a plurality of transmit towers are used such as that shown
in Figure 2. Due to the large geographic markets typically found for paging
systems, it is difficult to transmit enough power from a handheld or pocket-
sized acknowledgement paging unit for that acknowledgement message to be
received at the paging terminal. Thus, to generate enough power, either larger
30 batteries are needed or more frequent changing of the batteries will result.
~ The Siwiak patent includes a variable transmit power option which conserves
battery power by transmitting a low power signal when the signal strength of




This systemis typical of early nessaging systens which were inefficient
both il power usage and bandwi dth thereby 'réstricting their use to a
relstively narrow market A later attenpt to extend personal two way
messaging to 25 voice pagers is taught in US. Patent No. 4,811,379 to
Gandfield entitled "Speak Back Paging Systentf. To alleviate the bandw dth
and power limtations, nore sophisticated two-way nessagi ng systens have

been proposed., Typi cal, of ese types of systeng.i,s .the system described in
U.S. Patent N@eé&iﬁ‘é@gf@aigowhe M%%?‘%ﬁd whigige Back
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i the battery life of the-system. Even with a minimal amount of
acknowledgements sent back to the transmitting site, the batteries do not last
10 as long in acknowledgement pagers as in the traditional pagers.
Another concemn in the area of acknowledgement paging is the
ability to asynchronously transmit acknowledgment signals. The Siwiak
patents described above suffer from the need to be tightly coupled to the base
station in terms of assigned frequency use and time of transmissions of the
15 acknowledgment signals to avoid message collisions between simmltaneously
transmitting pagers. An attempt at pseudo-asynchronous behavior is described
in U.S. Patent No. 4,868,560 to Oliwa et al. entitled "Voice Paging System
Providing Deferred Paging Capability".
Another concem in the area of acknowledgement paging is the
20 cost of the pager itself. The ability to conserve power so that Batteri&s do not
have to be replaced as often canses great constraints on the components used
for the construction of such pagers. Once again, the market expects a certain
level of cost for a pocket paging unit arid acclimating that market to higher
cost pagers will canse market resistance to the penetration of
25 acknowledgement pagers. Thus, a concomitant goal would be to provide an
acknowledgment pocket pager at approximately the same cost as the one-way
pocket pager while having the ability to maintain approximately the same
battery life.

Another problem with market acceptance of acknowledgement
30  pagers is the ability to adapt an acknowledgement paging system to the
existing infrastructure of a one-way paging network. As shown above, the
ability to transmit enough power from a pocket pager to be received at the



term nql sends the nessage to the acknow edgenent pager of the Siw ak
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10 interference from simultaneous transmissions. An attempt to address such a
need is found in U.S. Patent No. 4,882,579 to Siwiak entitled "Code Division
Multiplexed Acknowledge Back Paging System". The system described in
this patent attempts to address this problem by using direct sequence spread
spectrum data transmission within single frequencies. This system is still

15 quite limited in the number of non-colliding acknowledgment messages it can
handle, it is rigid in the time and frequency of acknowledgment transmissions
* (entirely synchronous transmit and receive protocol) and is inefficient in its
bandwidth usage.

There is also a need in the art for antomatic handling of

20 outgoing messages and return receipt of the acknowledgement messages US.
Patent No. 5,153,582 to Jasinski et al. entitled "Method of and Apparatus for
Acknowledging and Answering A Paging Signal" attempts to provide a serpi-
automatic means but a human operator is still required to receive the paging

25 Fort the reasons stated above, and for other reasons stated below
which will become apparent to those skilled in the art upon reading and
understanding the present specification, there is a need in the art for a
low-power, asynchronous reverse paging system adaptable to
acknowledgement paging or polled response handling without collisions of

30 simultaneous messages.




30 batteries are needed or nore frequent changing of the batteries wll
result *The Siwi ak patent includes a variable transmt power option which
conserves battery power by transmtting a | ow power signal when the signal
strengt h of 5 the received signal fromthe transmt tower has a high
signal strength. This would indicate that the transmt tower, and its
associ ated receiving tower to receive the% acknow edgenent nessage, isS
reasonably close. If, however, the power 1evel of the transmt signal from
the paging transmtter 13 recg SRAM genent pager is weak
that woul d indicate that a hiygn J“ﬂ’ fromthe
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over long distances.
In particular, the present invention describes an

10 acknowledgement paging system in which the remote paging unit responds to
a request using frequency-hopped spread-spectrum differential bi-phase shift
keying commumications. A plurality of pagers are assigned to groups with
each group being assigned a separate stérting location in a common, repeating
pseudo-random noise code which determines the frequency hops. The

15 grouping of pagers minimizes the collisions of acknowledgment transmissions
between groups and enables a large number of paging units to operate within
a single geographic area- The pagers include a special double loop PLL
synthesizer to produce accurate narrow frequencies and hop frequencnes na
rapid fashion.

20 The present invention also describes algorithms for retrieving
very low power acknowledgement paging messages in a noisy environment by
using data redundancy, data interleaving, soft decoding and error correction
codes to strip the bi-phase-modulated, frequency-hopped spread-spectrum
digital data transmitted from the remote pocket pagers. A history of the

25 frequency and phase drift is used during reception of the acknowledgement

" mmessages to predict the phase and frequency drift of the encoded digital
information to further reduce decoding error. Signal to noise ratios are
determined for each frequency hop and relatively noisy hops are discarded br
minimized in a soft decoding process based redundancy of data bits.



transmtting pagers. An attenpt at pseudo-asynchronous behavior is
descriBed in US. Patent No. 4,868,560 to Oiwa et al. entitled "Voice

Pagi ng System Provi di ng Deferred Pagi ng Capability". Another concern in the
area of acknow edgenent paging is the 20 cost of the pager itself The
ability to conserve power so that batterjes do not have to be replaced as
often causes great constraints on the co#rponents used for the construction
of such pagers. Once agai RO HED) e | evel of cost for
a pocket paging unit and Tyt ftat ITar ket to nrgner cost pagers will

cause market resistance nothbdemigRetvhereilike mine2dls referolikedgapmmhtspagers.
Thus, a concom tant goal woul d _be to provide an acknow edgnent pocket pager
at approxi mat éh@ﬂugh@ﬁsthﬁée‘@ﬁﬂtww,the one-way pocket pager while having the

ability to maintain appr >é'| %Elt g! %.-I }@ﬁ’?%gtt‘%[ i t her problem .
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one-way pagi hg network. As shown above, the ability to transmt enough
power from a PEEW&SYSEHEr to be received at the 6 sites of the existing
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remote paging unit; .

Figure 4 is a high level block diagram of the acknowledgernent

10  or reverse paging system of the present invention;

Figure Sis a detailed block diagram of the acknowledgement or
reverse paging system of Figure 4;

Figure 6 is a detailed description of the modified POCSAG data
format for transmitting synchronization information for the remote reverse

15 pagers;
Figure 7 is a high level block diagram of the use of a plurality
of base stations for the present invention;
' Figure 8 is a high level block diagram of one base station of
Figure 7, ' _ '
20 | Figure 9 is a detailed block diagram of the RF box of Figure 8;
Figure 10 is a block diagram of the base station equipment of
Figure 8; _
_ Figure 11 is a detailed block diagram of the IF to Baseband
Converter and Digital Signal Processing Unit of Figure 10;
25 Figure 12 is a detailed block diagram of the IF to Baseband
Convertor of Figure 11;
Figure 13 is a detailed block diagram of the Digital Sigpal
Processor unit of Figure 11;
' Figure 14 is a phaser diagram depicting phase drift across one
30 frequency hop; _
Figure 15 is a phase versus time plot of phase drift across one
frequency hop;



abi Iité to conserve battery power so that the batteries do not have to be
changed as often. This tradeoff has not been net by the paging schenes
praoposed to date and thus market acceptance of acknow edgnment paging is 5
inhibited Also, due to the limted bandwidth for transmitting

acknow edgenent signals and the need for | ar ge nunber of two-way pagers
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The specification for the present inventions described herein

includes the present description, the drawings, claims and two appendices
labeled Appendix A and Appendix B. In the following detailed description of

15  the preferred embodiment, reference is made to the accompanying drawings
which form a part hereof, and in which is shown by way of illustration
specific preferred embodiments in which the inventions may be practiced.
These embodiments are described in sufficient detail to enable those skilled in

‘the art to practice the invention, and it is to be imderstood that other -

20  embodiments may be utilized and that structural, logical and electrical changes
may be made without departing from the spirit and scope of the present
inventions. The following detailed description is, therefore, not to be taken in
a limiting sense, and the scope of the present inventions is defined only by the
appended claims.

System Overview
Figure 4 is a drawing depicting the acknowledgement paging
system of the present invention. In the preferred embodiment of the present
invention, the caller calls a paging terminal equipped with an acknowledgment
30 paging system to contact a remote acknowledgment or reverse pager 114 as
shown in Figure 4. Paging terminal 112 receives the caller's message and
queues the message with other messages to be transmitted by paging



i nformation 25 : For the reasons stated above, and for other
reasons stated bel ow which will becone apparent to those skilled in the art
upan readi ng and understandi ng the present specification, there is a need
inthe art for a | ow power, asynchronous reverse pagi ng system adaptable to
acknow edgenent paging or polled response handling wthout collisions of 30
si mul t aneous nessages. 7 SUMVARY OF THE | NVENTI ON The above nenti oned
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: paging transmitter site using radio frequency transmissions through the paging
terminal to return a message to caller 110.
In a preferred embodiment of the présent mvention, a single
response may be returned to the caller via an automatic dialing system with
10  prerecorded voice messaging. In an alternate embodiment of the present
invention, choices among alternate responses could be made and the choice
returned to the caller once again through an automated dialing and
prerecorded voice messaging system. In a second alternate embodiment of the
present invention, the reverse pager may be equipped with a keypad to allow

15 free format messaging via a keypad such as that on a computer terminal in
miniature pocket form. In a third alternate embodiment of the present
invention, the reverse pager system allows direct pager to pager
commmmication through the central paging terminal.

The preferred embodiments of the present invention are

20  implemented in such a fashion as to take advantage of the existing
infrastructure of an operaﬁonal paging network. The additiopal hardware and
computing power required to modify the paging terminal and paging
transmitter is easily installed and implemented with very little impact on the
existing system. In addition, the preferred embodiments of the present

25 invention allow the operation of existing one-way pagers within the same
network and environment as the present invention having two-way capability.

Total Automatic Operation
In the preferred emnbodiment of the present invention, the
30 reverse paging system enables total automatic operation without human
mtervention. Referring to Figure 5, a plurality of trunk lines through PBX 15
are provided to the standard paging terminal 16. Those skilled in the art will




keyi ng,communi cations. A plurality of pagers are assigned to groups with
each grioup bei ng assigned a separate starting |location in a conmnon,
repeating pseudo-random noi se code which determnes the frequency hops The
15 "grouping of pagers mnimzes the collisions of acknow edgnent
transmn ssi ons - bet ween groups and enables a | arge nunber of paging units to
operate within a single geographic area,,The pagers include a speci al
doubl e | oop PLL synthesizer to produce Abcurate narrOM/frequeC|es and hop
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without the need for any human operator or intervention. Reverse paging

terminal 200 is connected through the existing paging terminal as shown in

10 Figure 5, for automatically calling and generating pre-recorded voice messages
to the caller in response to the receipt of an acknowledgement signal.
In an altemative embodiment, the reverse paging terminal may
be configured to service a plurality of independent paging service providers.
Each paging service provider bandles its own uplink -at its assigned frequency,

15  but the reverse paging downlink is managed by a single reverse paging
terminal or a common set of reverse paging terminals. Since the downlink
commumications frequencies, power and protocol are separate from the
uplinks, the plurality of independent paging services providers can be
managed by a single reverse paging service provider.

20 Upon receipt of the acknowledgement message, the reverse
paging terminal 200 generates a phone call back to the caller and a
synthesized voice message is delivered. In an altemate embodiment of the
present invention, a more sophisticated acknowledgement pager will send ai
message directly to a computer terminal via telephone modems. This

25 embodiment is particularly useful in maintenance companies which have their
own terminal for paging. In a second alternate embodiment of the present |
invention, the pager 114 is an alphanumeric pager with a keypad, a complete
message 1s keyed in by the holder of the pager and a complete message is
sent back to the base station.



BRI EF DESCRI TI ON OF THE DRAWNGS In the draw ngs, \Were |ike nunmerals refer
to like conmponents throughout the several views, Figure 1 describes a prior

arty one-way pagi ng system5 Figure 2 describes a prior art
mul tiple transm ssion tower paging system Figure 3 is a block diagramof a
typical prior art one-way renote paging it;, Figure 4 is a high |evel

bl ock di agram of the acknow edgenent 10 reverse pagi ng system of the
present invention; Figure 5is a get g$ I Ed Eock di agram of the

acknow edgenent or reverse pagi ng e 4, Figure 6.is a

detail ed description of g grquﬁlbggqu bﬂ% ceftial loTHESHF 4 L1 NY

o gh 1 evel b 8&%&”&%@2&2 ndke pretarey m&mafr papdimoniat Bagesstat | ons for ¢ he
Gt ati on of Fi gl 3y of e m&n'éﬁfg'bfﬁﬁgﬁ’b@@ P AW S "G agr am
of the RF bgx ﬁiau&bﬂe&elxﬁadcfﬂxcﬁyh&dﬁ@rd ‘Such althe kevaisepaging abmiigd 3084e st ation
equi prent of ¥ S -adapted to the existing infrastructure. The reverse paging terminal
- operates to provide synchronization and messaging information through the
paging terminal to the remote pagers via uplink 19 through geo-stationary
satellite 20. Additional hardware at the transmit and receive towers 113a-
10 113c are the VSAT terminals 201a-201c which are required for the accurate
synchronization information needed to be transmitted to the remote pagers.
This synchronization information, which will be described more fully below,
is used to coordinate the response of messaging from the remote pagers so as
to minimize collisions within groups of pagers and eliminate coﬂisions

15 between groups of pagers.

The reverse paging terminal 200 is adapted to interface with
existing paging ferminal equipment such as the Unipage™ paging terminal
equipment manufactured by Unipage™ of Desoto, Texas. This is a rack-
mounted, bus-structured paging terminal which allows expansion by plugging

20  additional paging terminal boards into the backplane. This expandability is
facilitated by using a protocol on the bus in which any one of the terminal
cards can request and seize the bus to transmit its paging messages during a
free time. Thus, by lowering the request line on the bus and lowering the
busy line, an individual board may lock out other boards and seize control of

25 the transmitter to transmit its particular messages. It is through this type of
interface that allows the preferred embodiment of the present invention to be
seamlessly integrated into existing paging equipment. By plugging an
interface card into the Unipage™ backplane, the interface card to the reverse
paging terminal 200 can seize the channel for transmitting synchronization

30 information and control messages to reverse pocket pagers without
appreciably impacting the existing operation of the Unipage™ terminal.
Those skilled in the art will readily recognize that there are a wide variety of



Figure 11 is a detailed block diagramof the IF to Baseband Converter and
Digitat Signal Processing Unit of Figure 10; 25 Figure 12 is
a detailed block diagramof the IF to Baseband Convertor of Figure 11;
Figure 13 is a detailed block diagramof the Digital Signal Processor unit
of Figure 11; Figure 14 is a phaser diagmam depicting phase drift across
one 30.frequency hop; Figure 15 is a phase versus tine plot of phase drift

across one fr qataRce/ mBMBds that Hafbe Wsed idirits fite ThepeferdaadBMSPtFt i N
phase jitter and phase noi se across one frequency hop; Figure 17 1s a high

| evel flow chdhe presentiiaveption trhotberieypet of existingpagingtermivpl epiipmentl i n t he DSP
unit of Figure 13; 5 Figure 18 is a high level flow chart of

t he nessage decoding algorithminplenmented in the DSP unit of Figure 13;

-Figure 19 is a detail ed bl ockBdéeorRemote Synchrofizatorpager; and Figure 20 is

a detailed bl ock diagram of the double | oop PLL ) .

5 The messages sent to the reverse pagers 114 are, in the
preferred embodiment, sent as digital data using the POCSAG standard.
Typically the paging channel has a center frequency of 143.160 MHz, with an
NRZ FSK data rate of 512 bps or 1200 bps. Other bit rates such as 2400
baud (bps) are also feasible. Figure 6 describes the POCSAG paging

10 commumications protocol as modified for use by the preferred embodiments of
the present invention. In the top line of Figure 6, a greatly compressed time
line of digital data transmitted according to the POCSAG protocol is shown.
Batches of messages are transmitted in groups as shown in the details in the
subsequent lines below the top line of Figure 6. In the second line of Figure

15 6, a 1.0625 second interval (for 512 baud) is shown in which 544 bits are
transmitted as a single batch. The batch is preceded by a synchronization
code word SC as shown in the third line of Figure 6. This synchronization
code word is used to get the attention of pagers in the geographic locale
serviced by the paging terminal.

20 The synchronization code word within each batch is followed
by eight frames of digital data. Each frame is divided into two portions, an
address portion and a message portion. The address code word of the
message of frame 2 of Figure 6 is shown in line 4 while the message code
word of the second half of frame 2 is shown in line 5. The address code

25 word is preceded by a digital zero followed by 18 address bits, two function
bits and 10 check bits. The address code word is followed by an even parity
bit. The message code word _poftion of the frame is preceded by a digital one
followed by 20 message bits which are followed by 10 check bits and a single
‘even parity bit. ‘Thus each frame is comprised of 64 bits divided into two 32

30 bit sections.

Synchronization of the base station terminal 200 and the reverse
pagers 114 is necessary to ensure the pagers 114 are transmitting at the same



frequency | ow phase noi se synthesizer of Figure 19. 10 DETAI LED DESCRI PTI ON
OF THE* PREFRRED EMBODI MENT The specification for the present inventions
descri bed herein includes the present description, the drawi ngs, clains and
twd appendi ces | abel ed Appendi x A and Appendix B. In the foll ow ng detail ed
description of 15 the preferred enbodi ment, reference is nade to the
acconpanyi ng drawi ngs which forma part Hdreof and in which is shown by way
of illustration speC|f|c preferred enpodinents in which the inventions nay
be practiced. fiestatthoduseeation 20Qkisdistarng e §yndhranigatipe issalso detestaty t 0

Cndor st ood hiﬁbgbﬁfgﬁm%ﬁ??fﬁ%@r hﬁh@rﬁ%ﬁﬁeﬁ%ﬁfbﬁﬁ%eﬁ% ot uctural .

I ogl cal and el endnibepsibf ofoEo . ﬁgn{rom t he
spirit and scope qf th resent nt er vent [ ons e follow ng detailed
descri ption .smmpgefgerm& oSychrengztion mfﬁmmommemxgm t he

Sy o Oer o ol MApPLBATY 283ng o LR hallo e POCSACRERISHEIE 1o, 20

system of the msebtndynthresizs tenunis, thdegeribéd mopelfullythettiwrent of the present

i nvention, the caller calls_a paging termpal equipped w th an
acknow edgment 30 pagi ngyagHEe g‘@ﬁ‘ﬂ@&’c@‘%ﬁw derEwlaadtant or

reverse pager idfio@%everse pagers is accomplished on two levels. Synchronization of the
pagers within groups of pagers determine where along the pseudo random
10 noise code the frequency hops are to be followed. For example, within a
single group of pagers, all of the pagers within that group will be
synchronized to begin transmitting at the same location in the pseudo random
noise code list for any acknowledgement which may be required.
~ Synchronization information is sent from the reverse paging terminal
15 periodically to the addresses of each of the pagers within each group to
remind the pagers where along the pseudo random noise code they should be
tracking. This also enables the dynamic changing of a pagers group
menbership such that if one group is experiencing a large mumber of
collisions due to simultaneous transmissions, the reverse paging terminal may
20 nrdkmmnsmneofﬂw;mgasvﬁ&maﬂnﬁgxmpu)mmvgﬁnqstonﬁmnﬁz:
collisions. -

Another form of synchronization is required to synchronize the
pagers to the exact times for transmitting frequencies from within any of the
hops. This fine synchronization information, described more fully below, is

25 - transmitted as part of the POCSAG codes.

Referring once again to Figure 6, eight frames of information
are transmitted in each burst using the POCSAG format. Pagers may be
assigned to a specific frame within the transmission so that the pagers, one
nxmgﬁzmgihcswmhnmﬁzﬁoncxdcvwxd,GMI&mnaspajﬁcﬁanmfbrﬂnd

30 pagers address. Once the address is found, the pagers can determine any
group changes that may be required to re-allocate that pager to a different
group. In addition, the POCSAG format is used to transmit a fine time



shown in Figure 4. Paging termnal 112 receives the caller's nessage and
queues*the nessage with other nessages to be transmtted by paging 10
transm'tter 113. The power of the transm ssion of paging transmtter 113 is
approxi mately 200 Watts wich is the same or simlar to one-way paging
systens but the radi o paging signal conjqins additional information to
support the acknow edgnent pagi ng systemin'the geographi c market served
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ocket formiln third alter odiL ment, of the prese
P recetve accurats tim yuﬂngnanon e time used to sen Hrhe

synchronization pulse is when the day clock reaches exactly some multiple of

10 0.9 seconds in the preferred embodiment. In this synchronization information,
20 bits of information are transmitted to give the accurate time of day
information. |

In each of the remote pagers, the microprocessor compares this
accurate time pulse which will indicate the exact time of day and compare it

15 to its own day clock. The clock within each microprocessor is accurate down
to a few milliseconds, but the time at which the synchronization pulse occurs
should have a resolution nmich finer than that such as down to 0.1
milliseconds for time of day. In this fashion, each of the microprocessors in
each of the remote reverse paging devices can periodically realign its day

20  clock to know within a millisecond the exact time. Each microprocessor does
not actually realign its clock but changes a clock offset within memory so that
it understands how far off its own internal clock is and can make the _

_ adjustment when using that clock to determine when to start transmitting
information using the eight frequency hopped spread spectrum sigoal.

25 The synchronization pulse is only transmitted every few
mimutes. However, the resolution of the start of the message indicating the
synchronization pulse is very accurate, it being transmitted at 0.090000
seconds GPS time after a fixed time of day, such as 12:00 GMT. This GPS
time is accurate to at least within 100 nanoseconds. The GPS terminal is

30  another card which is inserted into the Unipage™ terminal rack to provide the
accurate time of day information to the reverse paging terminal 200 of Figure
5. In order to ensure that the synchronization information is transmitted at the



I nvention,

nodi fy the paging term nal

the reverse pager systemallows direct pager to pager
comuni‘cation through the central paging termnal. The preferred
enyodi nents of the present invention are 20 inplenented in such a fashion
as to take advantage of the existing infrastructure of an operational

pagi ng network The-additional hardware apgl conputing power required

to
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modulation on a frequency hopped camder. Typically a single transmission
consists of 53 hops or 53 changed frequencies selected from a list of narrow
band frequencies. The frequency selection is based on a pseudo-random noise
code list pointing to the frequency selection list. The synchronization
information tells the pager where along the pseudo random noise code it
should be synchronized for transmission of its message and the fine
synchronization information tells exactly the time of day so that the pager
knows exactly when to start transmitting the specific frequency so that the
reverse paging terminal 200 js looking for that frequency at the same time.

In operation, 200 frequencies are used and stored in a list
mumbered F1 through F200. For a specific message, 53 frequencies will be
used to transmit the entire message. These 53 frequencies are selected based
on a 1,000 member péeudo—mndom noise code. As will be described more
fully below, short frequency hops are preferred over long frequency hops. _
That is, frequency changes, are within a’certain limited bandwidth are desired
for ease of decoding at the reverse paging terminal. Long frequency hops,
that is frequencies that have a large bandwidth between them, are not
preferred but are still used. The use of short frequency hops allows the
reverse paging terminal to segregate the available bandwidth and to
smﬂtaneously decode a plurality of frequency hopping transmissions
smmltaneously

The use of the accurate synchronization signal periodically
broadcast via the outbound paging signal enables the reverse paging units to
use lower accuracy components thus saving the cost of the reverse paging unit

: |gure 5, ﬁ Iural IG@%IFO]C t“i@g l'ine lglig,otﬁgh PBX ar(rat il

one
S

al | ow

ed



5 with,,prerecorded messaging to informthe caller that the renote paging
acknow’edgenent had been received and, if applicable, a selection froma
menu of choices was al so received. This is a total | y autonatic operation
wi t hout the need for any human operator or intervention Reverse paging
term nal 200 |s connect ed t hrough the el¥sting paging termnal as shown in
10 Figure 5, Oté Fp‘iomatlcal |y cal g and generating pre recorded voice
messages to t ¥ tagendpsery, Fog WMS@M KimaevbE dage nent

signal . I n anyaht el abgT&%#ag 8]2351 nal may be
confi gured to service ura |t|m§/gso | ndepenéégnt %ggﬂgéeﬁvgc}eerprow ders.

Fach pagi ng s ne'lﬁxm\atim dnﬂhdqu)rommllm m[dxoeécong.s@%@ I
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R T R
paging tetrmnal, the mtcroprocessor can contmually coxrect 1ts own internal
day clock so that accurate time of day measurements are always maintained.
The microprocessor estimates the momentary inaccuracy of the crystal by
tracking the drift across several synchronization transmissions and
15 dynamically adjusts for the frequency drift of the crystal and the offset using
internal offset registers for accurate time of day information.
Counters are employed within each mtcroprocessor of the
reverse paging units to compensate for the offset of the frequency based on
the synchronization time information. There are generally two major factors
20  which affect the drift in a crystal: temperature, acceleration. Most of the drift
is due to temperature, and the remaining drift components are negligible. The
frequency drift in a crystal due to temperature is very slow, on the order of 50
hz over 10 seconds. During a single day the temperature can change by26 or
30 degrees fahrenheit, requiring a time update from the GPS clock
25  approximately every five minutes.

E

Acknowledgement Message F onmat
The acknowledgement signal sent from the reverse pager 144 to

the reverse paging terminal 200 of the base station is a spread-spectrum,
.30 frequency-hopped transmission using differential bi-phase shift keying

(DBPSK) modulation on the frequency-hopped carrier to transmit digital

information. The frequency hops are relatively slow, the frequencies



I nvention, the pager 114 is an al phanuneric pager with a keypad, a conplete
nmessageé is keyed in by the hol der of the pager and a conplete nessage is
sent back to the base station 12 Base Station Overview Figure 5 depicts
t he” maj or conponents of the central office of a two-way paging system In
the preferred enbodi nent of the present invention, all of the conponents of
the existing paging central office are 55omaintained. In addition, hardware
such as the reverse paglng ternlnal 200 i's added and adapted to the

exi st.ing inf raﬁaﬂ&%ﬂfe& hg&énl Ea‘k’?{ pr ovi de
synchroni zati on and nessagl g I'nformation throug elgggggi&%c'i ‘nal to
;\gg {em)tfa ﬁagébsmmmtnmtnih cﬂ@wp?wagafmnnssmnﬁrmarpagaaﬂéhkllﬁmﬁﬁg :
itional har re a e smt a c are
The VSAT ter mi 168 Sisinng. v 16 Al e PElte SREREMIGRG in e et
synchroni zati o pagers.
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Thi s synchroni zation 1 nfor be descri bed |1y bel ow:-

is used to 6oor@msdh&a®ﬂpﬂn€§&f§}§e%§a@ﬂm@$ Y ircorpenaieé byager s so
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15 between gr
bands and transmissions power levels may be employed depending upon FCC

licensing requirements or other frequency licensing requirements of other
nationalities.

10 The use of an accurate crystal to control each frequency of
&mmmmmmmmmw.Rxammbhghmwmwmw@smmmmmmc
narrow bandwidth frequencies used for the frequency hopped transmissions
are available with an accuracy of three parts per million. At 900 MHz, a 3
ppm drift would place a single frequency somewhere within a 2.7 kHz band.

15 To tolerate frequency drift due to aging and temperature, each individual
frequency of the frequency hopped signal is allocated to a 7.5 kHz band or
channel, even though the actual frequency is on the order of 50-100 Hz wide
skirt within this 7.5 kHz allocated bandwidth. Those skilled in the art will
readily recognize that by using alternate components; the frequency channels

20  (individual frequency of the frequency hopped signals) of 7.5 kHz allocated
bandwidth may be wider or more narrow depending upon the overall allocated
bandwidth for the system. For example, 1 kHz or less bands may

“altemnatively be allocated per channel.
Tbﬂsonﬂmsunemumlmwesmmm1ﬂmtbyumngﬂm

25 combination of wnique fast Fourier Transform algorithrs of the present
hnmmﬁpn,m;d%cﬁbaibdow;k)kmaeandxe&kﬁetheﬁqumgyhopsand
by using a combination of unique confidence algorithms with a plurality of
error correction codes, the receiving reverse paging terminal 200 is able to
pull the response information from a very low power signal from a distance of

30  up to 45 kilometers (28 miles) in a flat terrain. In a rather noisy urban
environment, a range of 24 kilometers (15 miles) is the norm.




The reverse paging termnal 200 is adapted to interface with existing

pagi ng™t ermi nal equi prerit such as the [err] pagi ng term nal equi prent

manuf actured by [err] of Desoto, Texas. This is a rack- nounted,
bus*structured paging term nal which allows expansion by plugglng 20

addi tional paging termnal boards into the backplane. This expandability is
facilitated by using a protocol on the us in which any one of the term nal
cards can request and seize the bus to transnmt its pagi ng nessages during
a free tine. Thus, by | buhei cﬁhbaﬁhﬂhn&n(ﬁhhepnmmﬁhnwhmsmahd | owering the

AN qd%“a' ward ot o iplir 8 Fets of il <%, o7 oL

this type of gﬁz‘,ﬂaﬁ] b DS the €AY E81d TTHhe g pPresent
i nvention to] seanl ess gislt%t g’%t ed into existi ng pgéégsﬁg equi rrent By
|tolhugg| ng an |phmefmmnbent|GIhtoowhiohﬁ[aanﬁ]sa@8hqﬁ \:cmdbﬂnkrf'ﬁmtetcard to
e revers in rm na an seiz nn or ansnm.tting
synchr oni zgt @%"@ t?ptﬁ maﬁgg?% gnetlE?S é& 6 ket
pagers W t hougg @ﬁ%&kl@%&b&%&hﬁ&%ﬁmﬁmh&h&m&t 1 @nodcatbigs [err]
termnal. Those skilled in the art will readily recognl ze that there are a

wi de vari ety atalk-baddpagst.eilhadhirdpartofioformation sent baek tathe hase station f ace t he
preferred e”b@%g‘fy%e 33 message which is going to be delivered to the caller, which is
typically a menu choice.

10 As shown in Table 1, the acknowledgment message format
consists of a preamble and the message body spanning a total of 53 frequency
hops. Those skilled in the art will readily recognize that longer messages may
be transmitted using the preferred embodiment of the present invention, and
the messages format described here is illustrative but not limiting. Since FCC

15 regulations defined in 47 CFR. §16.247 require a mininmum of 50 frequency

"hops, the 53 hop message format described here i is considered a short message
hop. Much longer message bops to transfer more d1g1ta1 data is also
implemented but not described here. Of course, those skilled in the art will
readily recognize that shorter messages than those described below are equally

20 possible for the preferred embodiments of the present invention. The message

length and number of transmission hops are a matter of design choice.

The message preamble consists only of altemating ones and
zeros to get the attention of the base umt receiver to begin synchronizing its
FFT (Fast Fourier Transform) routines to begin pulhng the message out ‘of the

25 mnoise. The preamble consists of 165 bits transmitted across 5 hops, that is,
transmitted using DBPSK (Differential Bi-Phase Shift Keying) on five
different frequencies selected from the frequency list with the specific
frequencies ‘selected based on the PN (Pseudo-random Noise) Code list stored
within the reverse pager. The sequence location within the PN code that the

30 reverse pager will begin to follow is based on the synchronized time of day.
Within a single hop (a single carrier frequency), the carrier phase is alternated
33 times to encode the alternating one-zero pattern.




t he present i nvention to other types of existing paging term nl equipnent.
Base td Renote Synchronization 5 The nmessages sent to the
rewerse pagers 114 are, in the preferred enbodi nent, sent as digital data
usi ng the POCSAG standard: Typically the paging channel has a center
frequency of 143.160 MHz, with an NRZ F§K data rate of 512 bps or 1200 bps.
QO her bit rates such as 2400 baud (bps) are aI so feasible. Figure 6

descri bes the POCSAG paghpp %ﬁ%ed for use
by the preferred enbodi rrents 0 the pr esent |nvent|on | i ne of
Figure 6, a gganmspfdahprhhgbtlplmsibise)ﬁﬂ() atitupl data bitatse thataths ehfirbed -

according to the POCSAG rot pc hown at ches of nessages are _
transmitted i PGY8G §ﬁ) PFB%“? Wﬁ’@%&%ﬁ?ﬁﬂ'ﬁ%@ﬁ%@%@g@d fatas bel ow
the top line Bfts éﬁg@ﬁ&;ﬁg&lmﬂg : 1. 0625 :
second i nterval 12 baug(% I's sho |E% 544 ’Elllts ar eda%r ansm tted-
as ah3| ngl & t M&llmdlemf bltqotseirsgdm_?ta})oueagdtﬁhybmmanywnmgﬁmm(rjd_ scC
as shown in i-RE 0 nchroni z on .gode word is
used to get t r}{f’éﬂflﬁl 03?51&53g t(i:ll ﬁ‘%?‘@&‘é%t R&ICRr vi ced by

the paging tevmdh?'ofn%@s age formats and encoding m&a@m@maz% RSt Wi thin
each batch is f owed é ei ght fraes of "digital data Each frame 1s divided
£ spist

into two port ﬂ@aprea@sga@eucpmrﬁh@mcoﬂmg addr ess

code vor of SREHEF @f«q’%?hﬁ%’e@gh%w)?&%?ﬂt@i Sl e 5. The

address cdfle buried in baekgromd noise with a high degree of accmacy and a low actual
error rate. '

s TABLE 1: Message Acknowledgement Format .
Preamble is 165 bits (33 bits x 5 hops)
Message is 512 transmitted bits
(Message is 90 bits actual data)

20 1= One Frequency Hep

111 1 I T T 1T 1 == = 7T

preanble | Messgoe Bofly Spread Over 48 Hops,

25 Outer Message Coding
_ Each of the three groups of message data (30 bits each) are .
BCH encoded using a standard 30,63 BCH code and with a single parity bit
added to form a 64-bit word. This encoding decreases the error rate from 10% -
to 10°. This encoding, documented and understood by those skilled in the art,

30 can correct up to 6 errors or detect up to 13 errors. Detection of corruption of
a data word that cannot be reconstructed will cause the base to request a
second transmission of the acknowledgement message.

Inner Coding and Interleavi
35 The inner coding of the message will protect the integrity of the
message with an error rate as high as 25%. Esach block of 64 bits of data
(corresponding to a groups of 30 bits and earlier encoded by a standard 30,63



25 word is preceded by a digital zero followed by 18 address bits, two
function bits and 10 check bits. The address code word is followed by an
even parity bit. The nessage code word portion of the frame is preceded by
a digital one followed by 20 nessage bits which are foll owed by 10 check
bits and a single even parity bit. Thus each franme is conprised of 64 bits
divided into two 32 30 bit sections. Synchronization of the base station
terminal 200 and the reverse pagers 114 i 2lnecessary to ensure the pagers

114 are transmtting at the_ sane 14 tinme that, t se station 200 is
li stening. SychB&H gadd)ds spli wawb@mwftﬁa@%m gl?@dcﬁ of si on of
the | arge nunbe a | - @ﬁ& B i @edroup use -
di fferent frequ?ﬁ%%b%‘i%ééf%ﬁ?%lﬁ? romtérre@%%]ers 0 oPFlHeS?I gr oups.

Synchr oni zat i on differtdtial eacoding togrevide apefsrenge bitito the DBPS&Kcdeopdsrs e by

Insertng a special frame into the POCSAG dat a. which js used (30 synchroni ze
the units, as dé3dit sbdlagksare tramsputied gyer i%‘ﬁﬁﬁg en the

reverse pagi 104l griflc BREECIF K | ighed on
two | evel s. gn%%%agt@%% %)c?ﬁ?{gl pagbel{rggm\?\nk?ﬁvn _ rgigg@t)e?s%g efsﬁdet erm ne

wher e al ong t he traaeu@sion athd 3hbitdsubrhdocks acoitderidaned toefputhersednesplossok to be
Folloved. For e e shown i Table 3, where sub-blocks A and B of Table 2 correspond

to the first group of 30 bits, sub-blocks C and D, correspond to the second

group of 30 bits, etc. The total message is 53 hops where each hop is 180

10 msec in length makmg the duration of a single message 9.54 seconds.

TABLE 2: Intedeaving Format for Sub-block

15 A =1 reference bit and 32 data bits. = 33 bits
B = 1 reference bit and 32 data bits = 33 bits

(= One Frequency Hop

20

25 ' :
TABLE 3: Inner Coding and Interdeaving of Sub-blocks

A = first 33 bits of 1st block
B = second 33 bits of 1st block
30 C = first 33 bits of 2nd block
_ D = second 33 bits of 2nd block
: R = first 33 bits of 3rd block
F = second 33 bits of 3rd block

35 [']= One Frequency Hop

p:lr:‘erlzlmglé aA[Bi{A ... B|A{B|C|D|C ... D|CID|E|F| . |E(F|E(F

[ S | — —_—— —

40 -
Those skilled in the art will readily recognize that a wide

variety of data interleaving may be utilized to effect better error tolerance and
may be substituted for the interleaving described here. Such alternate
substitute interleaving means are CIRC (Cross Interleaved Reed Solomon



single group of pagers, all of the pagers within that group will be
synchrohi zed .to begin transmtting at the sane location in the pseudo
rangom noi se code list for any acknow edgenent which may be required
Synchroni zation information is sent fromthe reverse paging termnal 15
periodically to the addresses of each of $pe pagers within each group to
rem nd the pages where al ong 't he pseudo random noi se code they shoul d be

tracking. This @bde) wedil €D (CoenpditBXSCY redordiag figdialfoparaing eitlfer Gt €ieP

menber shi p such thai i f one gr,oEp | s experiencing a | arge nunber of _

col li si ons due Bleckavel ergidbe bit sm ssions, the reverse paging term nal
may 20 re-all ocate sone of the pagers within that group to new groups to

m nimze collisions. Another form of synchronization is required to
synchroni ze the pagers to the exact ShigheBopdommatansnitting frequencies from

R oL e hobs T e S L s R o0, descr bed
bur st el ng. ¢ nd RS ipal HIMHERIES Act R WA SIS AR 17¢ fran.
Wi thin the trampettsenoiled. Miz band ipapeds] in@@Srlgﬁxgmml' N wheide 200
addr oss. Cnce WHEIHABLEbIedR FTCthe N Bae RS A BBy HE SR or oup.
Changes e, ThEnSt o boons i iesen Sy 1 T
10 transmitted. For example, channel one will have a frequency F1 at
902.000000 Mhz +- 3.25 kHz, channel two will have its center cartier
frequency at 902.007500 Mhz +-~ 3 khz, etc.
Each transmit frequency of each hop will thus be centered at
the approximate mid-point of the assigned channel band; however, due to
15 inaccuracies in the reverse pager circuits and reference crystals, the actual
transmit frequencies will vary between wnits. If high quality crystals are used
to accurately produce the required frequencies, very little drift off the center
frequency will result. In the preferred embodiment of the present invention,
low cost crystals are purposely employed to keep the per-unit mannfactoring
20 costs down. This will allow for a Iower-cost product sold to the user which
will increase market penetration. Thus, reference crystals are preferred which
have a frequency accuracy of 3 ppm such that at 900 MHz, the statistical drift
would be approximately 2700 Hz. The crystals center frequency within its
nominal accuracy also drifts due to aging and femperature variations, but this
25  duift is slow compared to the transmission times so the drift during a single
transmission due to these latter variants is unimportant.
A single frequency hop is shown in Table 3. The 15
millisecond guard time preceding each hop is primarily a setfling time for the
oscillator circuits of the reverse pagers to allow the internal oscillator circuit
30 to lock onto the new frequency between hops. Each hop is transmitted at a
single ﬁequency in which the phase of the carxier is either at 0 degrees phase
or 180 degrees phase in reference to the phase of the reference bit



15 synghroni zati on code. The fine synchronization code is a transm ssion of
a tinme'pul se at an exact tinme shnchronized to a GPS (d obal Positioning
Systen) clock to synchronize all the renote pagers for time of transm ssion
For® exanple, periodically during the day the reverse paging termnal wll
send 5 a syncroni zation code wi thin the PQCSAG code word which is sent at a
very precise time. In order to ensure th a precise tinme pulse is sent,

the reverse pagin erm recgives, accurate ti inf er ti.on sing a GPS
antenna to rec%wge‘g@@é! fgﬁ W& atﬁﬁtﬂ ﬁ@t LR

grict gy & to send
the synchroni Z%f&al HiSHIN '32tdh%9i?§’eﬂh ﬁlrsr%emm &ﬂlﬁoiqfse
mul tiple of 10 . seconds |n e

referred odiment.” In this
synchr oni zat i ondegrderp

dﬂmr s s IR R (RifterentiahBiPhased to gi ve
t he accurate tl%ﬂgé dagj |nforrrat|on In each of the renote pagers, the
m cr opr ocessor this accurate tinme pulse which will indicate the -
exact time of day and CO%%ﬂéfDBPSKQS'dMMSSﬁJ&Wbe@@KHM @ ock within
each m croprocessQr is_accurate down to a fey, m”phg-?%gg)f&(ljtshe ut the tine at
whi ch the syncroBlisesondsof ﬁhrb@pmmﬁegrmy&lthwe iTgteronge biff i ner
t han that such glg f b Ral Lt s
fashi on, each o@?ﬁ’gﬁ%c oproc SSOI’OEIFBPB&%G Hach q;ltlg%pm Qﬁ/

4.7 milliseconds of carrier at the hop frequency preceded and followed by

approximately 0.15 milliseconds of quiet guard band to reduce discontinuities

10  between phase changes which contribute to step-fimction noise in the

transmission.

TABLE 3: Single Frequency Hop Format

15 Guard time (quiet) = 15 ms
Single Bit =5 ms of carrier DBPSK
33 Bits plus guard time = 180 ms

15ms | Sms Sms Sms Sms Sms Sms
20 | Guard | Ref 1st 2nd 3rd 31st 32nd

Time | Bit Bit Bit Bit Bit Bit
25 " Prequency Hopping Sequence

All of the reverse pagers _‘in the market serviced by the reverse
paging terminal use the same pseudo random noise code to determine the
frequency hops. The pseudo random noise code is a digital code which is
repeating after approximately 1,000 unique codes. In the preferred

30 embodiment of the present invention, the psendo random noise code is stored
in memory of each of the pagers. Those skilled in the art will readily
recognize, however, that a linear feedback shift register could be used to
generate the pseudo random noise code on a real-time basis instead of using a
look-up table which is presently in the preferred embodiment.

35 The PN (pseudo-random noise)’code list is stored in memory
and maps to a frequency list. In the preferred embodiment of the present



each of, the renpte reverse paging devices can periodically realign its day
20 clock to know within a mllisecond the exact time. Each nicroprocessor
does not actually realign its clock but changes a clock offet within

nmenory so that it understands how far off its own internal clock is and can
make t he adj ustnment when using that clock,to determ ne when to start
transmtting information using the eight equency hopped spread spectrum

very. ew m nut entag S PN SR RS 00 e W b sty IR
i ndi cating the gaivoh hahs of fheterud uﬁwmmﬂm@ﬁlcaﬁxﬂdﬁﬁém ted
Lkt

at 0. 090000 seconds GPS tine after i xed ting of such as 12: 00 QGWI.
This GPS tine |sroa@rcl@m<mw@hratﬂl$é@§forvﬁmwm ehassriberilocl

Egrg} 2\6/1: d:astﬁg g@%&ﬁee{)fﬁgﬁ% yﬁﬁénﬁﬂ?&g&%@b}%ﬁ% reverse p |ng rack

term nal 20050f pdriodivally Esyndhrommeto énomerscknewlegrert Ineessages hreoni zat i on
information is transnjtted at t.h 16 exact t| needed-by the reverse
pagi ng terninal ngg‘o%zﬁéﬁ? &Weh%g' d’&‘?@fﬁ{qﬁ"@“{i d%erse pagi.ng
term nal board ?h% Ia‘a?ﬁ'&fw{fﬁiht teac'}ﬁ? f,2b the
transm ssi on bus an ransm € trhggg\l?r t| %Q}V\ga*gsreqw red
that the reverstagsagt ng term nal have the hi ghest
The 1,000 member PN code list maps to a 200 member
10 frequency list. In order to allow a large number of reverse pagers to
simultaneously operate in the same geographic market, the pagers are divided

into groups and the groups are assigned different sequence segment locations
in the same 1,000 member PN list. Thus a pager from group one will begin
transmitting a hop at a freqiiency determined from a first location with the PN

15  code, while a pager from group two may begin transmitting a hop at a
frequency determined from a second location in the PN code. The pagers
from group one and group two will complete their respective

- acknowledgement messages in 53 hops. Preferably, the sequence of the PN
code used to determine the frequencies of the 53 hops for the pager of the

20 first group'will not overlap the sequence of the PN code used to determine the
frequencies of the 53 hops for the pager of the second group.- More
preferable, the frequencies chosen based on the non-overlapping segments of
the PN code list are orthogonal such that the same frequency is never used by
two pagers belonging to different groups.

25 In the preferred implementation, the 1,000 member PN code list
is divided into 160 hopping sequences. The remote paging units are divided
into 40 groups with the members of each group synchronized to track the
same location in the PN code list. The microcontroller of each pager,
regardless of its group membership, continuously runs through the repeating

30 PN code sequence to stay in synchronization with the base unit and all other
pagers. Each group of pagers is further divided into four subgroups such that
the pagers within each subgroup are assigned one sequence within the PN



5 priority use of the bus to ensure that it has access through the paging
term nal 16 when needed. The actual transm ssion of information fromthe
reverse paging termnals is done using Differential Bi-Phase Shift Keying
(DBF’SK) nodul ati on on a frequency hopped carrier. Typically a single
transm ssion 10 consists of 53 hops or 53 changed frequencies sel ected
froma list of narrow band frequencies. The frequency selection is based on
a pseudo-random noi se code |ist pointing tg the frequency selection |ist.
The synchroni zation information tellsthe pager where al ong the pseudo
random noi se coggds h &:@% 5&@% nmessage
and the fine 15 sykgﬁrg%ﬂlz |0§1$|3(r}11f : |on teIIs exactly the tine of day
so that the pag@rankmmnamowlapMﬁihopsqpmm@nébytatpawmmmmmf|c
frequency so thatythe revrse paging ternn Iookln fyor t hat
frequency at th Wg gm%o%ﬁ%%%éﬁ%}?ﬁg? @oﬁ?éﬁo?ﬂd
stored in a Ilsbvaﬁqp&{eeﬁ;]ﬂ WWB? pagér ia abothet giopessage, 53
frequencies will be 20 wused to transmt the entire nessage. These 53
frequenci es a e sel'ected based on a 1,000 menber pseudo-r andom noi se code.

As will be described nore fully bel o Lh iuency hops are preferred
over |long frequency hops. That is, ges are within certain
limted bandw dth are desiR 8lonSASEA gdthe gwot Sfstén pagi ng
term nal. Long frequency hops, that |s requenm es that have a | arge
bandwi dt h bet weéﬁn%mfétﬂfaeﬁeﬁgww f@UefSTH@f’use of

short frequency 119033l PWroddhBut the geographic market servecL In the preferred

10  embodiment of the present invention, the paging system consists of a single
central station and several base stations located throughout the region as
shown in Fig. 7. The outbound communication shown in Fig, 5 will be
performed via the existing paging system infrastructure. In operation, an
outgoing page will consist of a call placed to the central station. An operator

15  at the central station will type the message on a management computer work
station or the call may be automatically handled by automatic answering
machines. - The message will be sent via local terminal 17 to the paging
terminal 16 throngh-an asynchronous commumication line, through the VSAT
hub 18 and then be transmitted simmitaneously through antennas 113A-113C.

20 The inbound leg, that is, the acknowledgment paging signal
from the reverse pagers, will be received by one of the plurality of base
stations shown in Fig. 7. The received message will be down converted,
demodulated and error corrected. The thessages are then transferred to the
central computer with the time of arival, the pager ID and the destination

25 through the VSAT lines. The central station can then transfer the messages to
a central management computer via RS 232 port for retun of the
acknowledgment to the caller. The acknowledgment may consist of
automatically dialing the caller with a voice synthesized acknowledgment.
The syétem would also be capable of sending prerecorded messages.

30 Acknowledgment may also be made through a modem to another computer,
an acknowledgment via fax, pager to pager acknowledgment or paging or
message acknowledgments to external terminals. Those skilled in the art will



reverse. paging termnal to segregate the available bandwi dth and to
S|nultaneously decode a plurality of frequency hoppi ng transm ssi ons

si mygl t aneously. 30 The use of the accurate synchronization
signal periodically broadcast via the outbound paging signal enables the
reverse paging units to use | ower accuracy conponents thus saving the cost
of the reverse pagi ng unit 17 for the end user. For exanple, high
accuracy crystals to track the e of day g thin the mcroprocessor are
avai l able with an accuracy of three parts per mllion. Thus, a tinme drift
of approxi mat el y réddil9ectighized the A RRlePREetsRinWledbRni kahARGnapds i n a
‘mnute is the known drift There are alsp tine 5 inaccuracies which are

i ntroduced due t éffeeted Withentohumanimterverfiosn (variable path |ength) fromthe

??\?gfﬁai |r gnm fges;ﬁregee%% éﬂ%ﬂéﬁé@;ﬁ%’ll ch Xﬁéﬂgﬁeape@hﬁ( %%Man

accuracy of the POIimgi depmaﬁtwﬂahdle@omhhmoaﬁmmﬁmﬁgéﬁn%sagaay
er, by using the 10

S)r/lnfchr (r;(r)“r ;n;lt ! gn%m ‘E’gh%gila g:s&b@as %&%&Gﬁ%?@eﬂﬁ%m%ver se
nrernal “day ol oB T SBbREPE L GCARE AR MR A Bk 1S T iy
mai nt ai ned performed to eliminate duplicate reception of messages.
Each of the base stations shown in Fig. 7 consist of equipment
that is installed externally and operating automatically on each of the transmit
10 towers. The equipment installed for the base station on each tower consist of

RF box and several antennas. A paging ornni antenna is of course the
existing mulfiple dipole transmit antenna. A GPS Antennae is included to
receive the accurate time of day needed for synchronization of paging
messages. A reverse paging onmi antenna is also installed to receive the

15 reverse paging messages as shown in Fig. 8. |

The RF box of Fig. 8 filters the incoming signal to within a

bandwidth 1.5 MHz. The radio frequency reverse paging signals are then
converted to an intermediate frequency (IF) of 70 MHz. The conversion to IF
is done in order to avoid sensitivity lost due to the long cabling connecting

20  indoor equipment to the RF equipment as shown in Fig. 8. Losses at 900
MHz over long cable rns are therefore avoided. '

The RF subsystem for the RF box of Fig. 8 is shown in Fig. 9.

The RF box converts the 900 MHz bandl signals into a 70 MHz IF frequency.
The RF chain of Fig. 9 starts with a cavity bandpass filter 901 that suppresses

25 out-of-band interference. A bandwidth of this filter is selected in the
preferred embodiment to be 2 MHz. A LNA (Low Noise Amplifier) 902
operating in the 900 MHz band with a noise temperature below 80 degrees
Kelvin is used to amplify the incoming signal. The amplified signal from
LNA 901 is passed to a hefical bandpass filter 903 to cancel the image

30 frequency noise. The filtered and amplified RF is down converted to a 70
MHz IF frequency using a 17 dbm local oscillator mixer in order to preserve
the system's dynamic range. The local oscillator operates at 850 MHz locked -



The m ¢roprocessor estinmates the nonentary inaccuracy of the crystal by
tracking the drift across several synchronization transm ssions and 15
dynam cally adjusts for the frequency drift of the crystal and the .offset
using internal offset registers for accurate time of day information.
Counters are enployed wthin each m croprocessor of the reverse pagi ng
units to conpensate for the offset -of the frequency based on the

synchroni zation time information. There aye generally two major factors 20
which affect the drift in a crystal tenperature, acceleration Mst of the

drift is due taotfraferendeofcl0.625MEe mmmmmmeﬂ 4hde
negligi ble. The frequeggg drift in a crystal, _due to_tenpeture 1Is very
sl ow, on the orfiltaredby AWﬁh@rW@éﬁWﬁ f g MHzi ngl e day the

Update. from the GRS ol ooV BERasPR 1385t ol md R iondsn ™
Acknow edgenentthidephabe RBo22dupleeinetfuo fibmcbe ifkloor Basgnatitichcsjuighei t he
reverse pager 144 to the revers aging.termnal, 200 of the base station is
a spread- spett rsliﬁ?v_ﬂ. 18£ é-eaﬁb“r&i)%&_ 18 A YRFrenQs ehoekat tont i al
e S AP BRSO camAleall BOUSTRY M1 1o
f requenci es from. the indoor equipment to the RF box, all digital lines are differential
" according to the RS-422 standard. The microcontroller is used to check status
of the operation of the RF box such as synthesizer lock, DC power levels and
10  amplifier status. The RF box is powered by 48 volt AC which is locally
converted to the operating voltages required.
The 70 MHz output is transferred to the base station indoor
equipment as shown in Fig. 10. The base stafion indoor equipment consists of
a complex of six units operating under control of a base system computer
15 1001 which in the preferred embodiment of the present invention is
implemented as IBM PC compatible computer with an interface board to
control the other four components of the local base station. The paging
. transmitter rack 1002 is generally implemented using standard paging
uamﬁnﬁmreqdpummtmmhasﬂmtnmmﬁﬁxmbdby[kmmgﬁn{hmﬁonﬂa
20" NEC, etc. The POCSAG encoder 1003 is also available in the industry and is
roanufactured by Zetron. The POCSAG encoder at the base station is
redundant if the delays of the commumication lines between the base station
1001 and the central paging terminal 16'are known. The encoding is then
done at the paging terminal. Base station comptiter 1001 synchronizes the
25 accurate transmit of the POCSAG data by using an inhibit line until the
timing is correct based on GPS time.
A GPS Receiver 1004 is used to receive extremely accurate
time of day and to create one pulse per second reference clock which is then
used by base station computer 1001 to transmit via POCSAG encoder 1003
30 &m&xxmnﬁeswkhmmﬁmﬁmnnxs&n&sn&pﬁmﬂibrmebnnﬁﬂngthenmnmb

paging unifs.




18 trapnsmtted are very narrow and the transm ssion power is extrenely
smal | . *The maxi num peak out put power of transm ssion from pager 114 is
linjted to less than one watt to allow use of the 902-928 MHz band in the
United States without the need for licensing the paging transmtters as
all owed by FCC 5 regul ations defined in 47 C F.R 15.247, which is hereby
by reference. Those skille2$in the art will readily recognize
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digital) conversion clock signals needed to demodulate the signals.

IF to Baseband Converter and DSP Unit
The IF to baseband converter and digital signal processing unit
1005 is shown in a detailed blocked diagramrin Fig. 11. The 70 MHz IF
down converted signal is inputted to the IF distribution board 1101. The IF

- distribution board is a power divider to take the 70 MHz IF and distribute it

30

to a plurality of parallel converter and DSP pipelines. In the preferred -

embodiment of the present invention, six parallel pipelines for simultaneous
down converting and message decoding are implemented. Those skilled in
the art wiil readilyrecogxﬁzethatasﬂwvolmm of massaging traffic
increases, additional parallel pipelines maybe added to increase the throughput
of this system without departing from the spirit and scope of the present
invention. In particular, the IF distribution board 1101 can be daisy chained
with a plurality of configurations identical to F1gure 11 to increase the
capacity of the system.

The individual I[F to baseband converters, mmbered 1 through
6 (1102a-1102f) shown Fig. 11, operate in parallel but demodulate separate

groupings of frequencies. As described above, the reverse pagers are assigned |

to groups which operate at different frequencies using a different portion of
the pseudo-random noise code to perform the hops. In the decoding process
shown in Fig. 11, the paralle] to IF to baseband converters 1102 numbered 1-6
each operate for a different group of remote pagers and track a different group



bandw dth for the system For exanple, 1 kHz or | ess bands may
alternatlvely be all ocated per channel. Tests on this invention have shown
that by using the 25 conbination of unique fast Fourier Transform

al gorithnms of the present invention, as described below, to |ocate and
retrieve the frequency hops and by using a comnbination of uni que confidence
algorithns with a plurality of error correction codes, the receiving
reverse paging termnal 200 is able to pd9 the response information froma

very | ow power SI nal from a distance of 30 to 45 kil gneters, (28 m | es)
inaflat terrdf equmﬁesmhé’rreﬁtﬁbgy ﬁﬁpﬁr%?@ar@e
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three parts of seiviceddly a phrticolat convertér TKE. |s the pager I D or the CAP code

of the pager. Second, th phone n tgg e shoul d
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verification such”that pager 114 operates tal k- back pager. the third

part of infor nmlmﬂmr iemckman«% &Hzﬂmndbaﬁﬁeqmmpjrdﬂnm withinethe \|SeMblz nessage
which s going L0y PAIFRIS B g pe5ls' ittin ¥kt Bhnd Socur within that
particular 36 kHz band. Ideally, 40 paralle] pipelines of IF to baseband
converters 1102 could be operating simmltaneously to each service a dedicated
10 36 kHz band. The actual number of parallel pipelines of IF to baseband
converters 1102 required depends on the volume of reverse paging traffic
anficipated for a particular market. In the preferred embodiment of the
present invention, only six pipelines are described and the frequency hops
within each of the 40 groups stay within a 36 kHz band with each pipeline
15 processing an average of six or seven groups. The frequency hops for a
pmﬁmﬂmu;oq)nn&nmweﬁ1asanmi36kHmedjwam&ngu)ﬂm
synchronization of the hops and the frequencies assigned to the pseudo-
random noise code. When this occurs, the parallel pipeline of IF to baseband
converter 1102 which is tracking that particular group of pagers will change
20 to a new 36 kHz frequency band or hand off that group to another pipeline.
The frequencies assigned to the psendo-random noise code are preferably
selected to be orthogonal sets of frequencies within the 1.5 MHz band which
do not overlap for each group of pagers! -
Figure 12 is a block diagram of the IF to baseband convertor
25 1102 of figure 11. As described above, the bandwidth of each chahnel is 7.5
kHz allowing each pipeline to process four channels. Each IF to baseband
comwxmreammﬁm:nxﬂ?mﬁpxﬂﬁdlumﬂ$thehopﬁngsapmnaaofﬂw
transmission and analyzes four 9 kHz wide sub-bands simultaneously. The 9
kHz bandwidth is selected to provide broad coverage of each 7.5 kHz channel.
30 The IF to baseband convertor of Figure 12 can track and switch individual 36
kHz wide bands within the 1.5 MHz allocated bandwidth by changing the
local oscillator frequency used to downconvert the incoming signal.



typically a nenu choice. 10 As shown in Table 1, the

acknow edgnent nessage format consists of a preanble and the nmessage body
spamning a total of 53 frequency hops. Those skilled in the art wll
readi |y recogni ze that | onger nmessages may be transmitted using the
preferred enbodi nent of the present invention, and the nessages format
described here is illustrative but not limting. Since FCC 15 regqgul ations
defined in 47 C F.R 16.247 require a m nggum of 50 frequency hops, the 53
hop nmessage format described here is considered a short nessage hop. Mich
| onger message hops to t Azrshben inbig 1d| (jletIHIdxsjabldiansiJoard@blGlnqllbﬂﬂﬁ&ked but

"acogn 2¢ ?ﬁit%@wﬁz% L8 st ot Ih e bShatt bt i re%{;%y 20

possible for tmx%aﬁfa f é?%‘&%xﬁ%ﬂ%m@fllbh%af%mtéféﬁﬁw

nmessage | ength an transm ssion hops are a matter o? e5|gn
choi ce. The rreﬁsagmq&baaftﬂseﬂlatmsl@a]s ‘Blreisg ossillatprsdn ithe Qstmhuuonnd zeros to

get the att he b unlt acel e O nizing its FET"
(Fast Four| a&ﬁgﬁg ﬁ@%tr Yaﬁm%}ﬁl ‘g\t qg Is[g’i)e out of the

25 noi se. The W?@I&E&ft&i%m@éfeﬁnbés écba§e5 hops,
that is, transm{ted usin Dfferenti |-Phase h| Keyi ng) on
five differ entsﬁtequ@nputgs 181 enfangesuraie thmebase PHirecererie

D e AR, 8 B T 2%
code that the ¥Qy nafe®¥ bdrdRadhronhe brdeeef 10 hati o brdwr foSprosesithertiédne
synchroni zed tine of da
phase noise s Xlrt of the VICXO.
The IF to baseband converter 1002 is shown in detail in Fig.
12. The 70 MHz IF frequency from the omni antenna via the IF distribution
board is mixed with a selectable first local oscillator signal by mixer 1201.
The frequency of the first local oscillator mixing signal is selected by
15  microcontroller 1202 based upon the 36 kHz band inside the 1.5 MHz band of
70 MHz IF carrier to be selected for decoding by that particular pipeline.
Microcontroller 1202 receives its control information as to which segment of
the 1.5 MHz band of 70 Mz IF carrier to be down converted from the base
system computer 1001, In this fashion, each pipeline is controllable as to
20  which 36 kHz segment it will track to allow it to track frequency hops within
a 36 kHz band or long hops between 36 kHz bands. Microcontroller 1202 in
the preferred embodiment of the prwent invention is a Motorola 68HC05B6
microcontroller.
Microcontroller 1202 controls a hopping frequency synthesizer
25 1203 which generates the local oscillator frequency, for example 91.4 Miz,
depending on which 36 kHz slice of 1.5 MHz band of 70 MHz IF carrier
signal to be selected for down conversion. The down converter mixing
frequency for the first local oscillator 1201 is generated by hopping frequency
synthesizer 1202 based upon a controlling hopping clock from microcontioller
30 1202 and a 9.6 MHz reference signal received from the IF distribution board
1101. This first local oscillator frequency is sent through a low pass filter
1204 and phase locked loop 1205.



Wthin.a single hop (a single carrier frequency), the carrier phase is
alternated 33 times to encode the alternating one-zero pattern. 20 The
nmessage body follows the preanble and consist of three groups of data. Each
group consists of 30 actual data bits so that the entire nessage is, in the
preferred enbodi nent of the present invention, 90 total data bits (although
other bit length nessages may be chosem)y. The actual data 5 encoded within
these 90 bits is described above and nay be in any convenlent coded format.

Igggg sk;lled in the ardy, J*ﬁk o%ﬁQ§b jedety ety of
ge formats and encodi ng o ta bItS nay be use W t hout departing
fromthe spi rbu&’mdﬂ.Oéd‘apmxnigbjhﬁrspl@abmcﬂlamremm 8 QMidz descri bed
bar (ed - badFor Dot dreaboxae 2R shee e 70 M o bOSCARTR o L ot e
gr{gr(ggtglts Eﬂ%gaﬂ@ﬁﬁ%%@% elis g?gﬁfﬁgﬁgﬁﬁﬁggghﬁf%gI?%%?ggbg :: éSSbits
actual dats) Thcoutput first local oscillator mixer 1201 is to produced a second
frequency to allow the use of an anti-aliasing filter with a steep shape factor.
Thus, bandpass filter 1208 receives the second IF from amplifier 1207 to
provide filtering using a standard crystal filter.
A second local oscillator 1210 is used to down convert the
10  second IF to a baseband signal and to perform the actual frequency band
selection for that particular pipeline. The second local oscillator signal is
generated by the IF distribution board 1101, Mixer 1210 receives the 21.4
MHz second IF signal from amplifier 1209 and mixes it with the second local
oscillator frequency to produced the actual baseband signal. The second local
15 oscillator converts the second IF to a 75 kHz ¥ 18 kHz baseband signal.
Another anti-aliasing filter composed of a low-pass filter and high-pass filter
in cascade 1211 is provided. A third amplifier 1212 is provided to provide
amplification on the order of 40db.
Thcbmxbmximﬂaﬁaidgmﬂisﬂxxlﬁmqﬂaibyananﬂﬁgﬁa
20  digital converter using a 100 kilohertz sampling clock. In the gefard
" embodiment of the present invention a stereo analog digital (A/D) converter,
for example Burr-Brown Part No. PCM1750, commonly used in compact disc
audio recording technology, is used. This is an 18 bit A/D converter of which
only the upper order 16 bits are used.
25 ‘The digital samples of the signal are then passed for processing
to the DSP's, described below. Those skilled in the art will readity recognized
that to increase throughput and selectivity of the IF to baseband converter
circuit of Fig. 12, parallel subpipelines could be utilized For example, the 70
MHz IF could be converted into two paralle] strips of 25 kilohertz each. Two
30 narrow-band IF's would then be sampled at a 100 kilohertz by each side of
the stereo A/D converter.



20 > [err] preanble Message Body spread Over 48 Hops 25

Qut er Nbssage Codi ng Each of the three groups of nessage data (30 bits .
each) are BCH encoded using a standard 30,63 BCH code and with a single
parity bit added to forma 64-bit word. This encodi ng decreases the error
rate fromJ[err] to [err]. This encoding, docunented and understood by those
skilled in the art, 30 can correct up to gperrors or detect up to 13
errors. Detection of corruption of a data word that cannot be reconstructed

w ||l cause the base to reqm%hoﬁnsiﬂ(ﬁgﬁcllg densiyi Splutilitobf e Bekmgy edgenment
message. I nner Coding and | nterl eaving 3 The inner_codi ng of

the message Wil | WP@P’H@‘M W%‘loiﬂpwg%ﬂ%@émmrﬂ@b ibity,r ate as

hi gh as 25% EacR,M ng!é ‘525@; ndi 0o, t roups of 30
bits and earlier enco ec}ﬂ%y a standar BH%B&G%% C:ll—rco‘é]egi |sl split into

two sub-bl ocks ohd&&dxhn]l}&be@mmb«ﬁlth@&mﬂﬁtﬁd&@cfnim@do&tﬁﬂmdﬁ@ﬂa ref erence

bit is added ach, sub-bl ock, Si,st. fferenti engo
provi de a ref reﬁg@wgﬁﬁl @iﬂ@gﬂﬁ L‘B‘@zﬁ‘)@gks are
transmtted over nﬁ&ﬁc&dﬁ%ﬂ%%ﬂo&?&@ﬁ&*& tﬁ@ﬂoﬁﬁﬁg strategy for the individual

pipeline. Each IF to baseband converter and associated DSP tracks the hops
of a group of remote pagers using the one pulse per second and twenty

millisecond pulses for synchronization. The narrow band selection is

10  accomplished by controlling the first local oscillator frequency at 91.4 MHz
plus or minus 0.75 MHz providing a resolution of the synthesizer to be
approximately 7.5 kilobertz (9.6 MHz divided by 1280). Control of these
pipelines is provided from the base system computer 1001 along serial
asynchronous control lines.

15 |

Digital Signal Processors
The digital signal processors 1103A-1103F of Fig. 11 receive
he digitized samples of the particular 75 kHz 18 Kiiz shice of the 1.5 MEz
band and processes these samples to locate the frequency hops and decode the

20 DBPSK data. The main reasons for selecting this bandwidth is to maintain a
low cost implementation of each channel by using low-cost off-the-shelf
components, to maintain a high dynamic range with an 18-bit A/D convertor
(over 75db strong to weak signal) and to match the processing speed and .
abilifies of currently available off-the-shelf DSP chips.

25 The digital signal processors 1103 contain individual DSP chips
and microcontrollers as shown in Fig. 13. The DSP circuit of Fig. 13 receives
the serial data samples from the A/D converters in the IF to baseband circuit
of Fig.. 12 via line ADC SERIAL OUTPUT. The serial data is fed to DSP
chip 1301 which is connected and controlled through a microprocessor bus

30 1302 for control by local controller 1303. The A/D serial data is also fed
through a fast recording interface 1307 for storage in local memory 1305.

"The serial data arrives by serial lines through interface 1304. It is multiplexed




5 replicated 8 tines so that the 64-bit block traverses 16 frequency hops.
In tramsm ssion, the 33 bit sub-blocks are interleaved to further reduce

| oss of data, as shown in Table 3, where sub-blocks A and B of Table 2
correspond to the first group of 30 bits, sub-blocks C and D, correspond to
the second group of 30 bits, etc. The total nessage is 53 hops where each
hop is 180 10 nsec in |length making thegguration of a single nessage 9.54
seconds. TABIE 2: Interleaving Format for Sub-block 15 A=1

reference bit bypdndacdogickircsit 1364 hid Stofedin R AR ¢80 Ebdidhes ansl 32 data
bits 33 bits e Frequency Hop 20 25, TABLE 3. I nner go I ng and

I nterl eavi ng omilbig ek sanmpless symehrogized te theot millis = second 33 b| ts
gfecéfnfd t3)|30(l;ikt 2ot 2nd bl B8 Eﬂ]’strndt%"’E%ﬂe @ﬁ“@”@r‘%ﬁb fﬁfﬁn@%gggoﬁd 33
bits of 3rd bl Gefudrey hbp.~ Batlebdtcleafdara s Bomridratdrsfotthed using a Fast Fourier
5 Transform (FFT) algorithm and stored for analysis of the complete hop. In
order to perform RADIX-2 FFT, the sampling length st be 512 samples
such that there is an overlap of 12 samples between two consecutive FET's.
The timing of the sampling however does not equate to 512 samples since
sampling a 5 ms frequency bit at a 100 kilobertz only provides 500 samples.
10 The additional twelve samples are stuffed zeroes. In general, synchronization
mah@&@mwﬁ&mmwmh'&M%Pwﬂbﬁmﬂmm&e
complete hop and will then try to identify the peaks in the frequency domain.
After identifying the peaks, the processor will look for the appropriate pattern
of the preamble for that hop. Once the preamble is detected, the DSP 1301
15 will extract the data.

Bit extraction is done only in the neighborhood of the
frequencies in which the activity was detected. The processor identifies the
phase changes between bits and reports the results to controller 1303 via bus
1302. The preferred embodiment of the present invention, local controller

20 1303 is a twenty-four bit processor Part No. 56002. The RAM 1303 must
bave a minimum depth of 32k

The software for controlling the processing shown in Fig, 13 is
dovnﬂmxkdihmnthesymmn<xmnoﬂm:umnganln&xmﬂIxxﬁpu@mnnvwﬂ
known to those skilled in the art. The DSP algorithms are described below in

25 conjunction with Figs. 17 and 18. The board controller is a 1960 which is
supported by a DUSART, USRT memory and glue logic. Once DSP has
" decoded the bits of each hop, the controller 1303 will decode the message
apply the error correction schemes and present the decoded data via RS-485
interface to the base system computer 1001.
30 The message decoding involves a soft decision algorithm for
error correction and detection and de-interleaving of the messaging, described

more fully below.



Those skilled in the art will readily recognize that a wide variety of data
interl eaving may be utilized to effect better error tolerance and may be
substituted for the interleaving described here. Such alternate substitute
i ntérl eaving neans .are CIRC (Cross Interl eaved Reed Sol onon 22 Code)
used i-n CD (Conpact Disc) recording nedia operati-ng either at the bl ock

| evel or at the bit level. Single Hop Format,,b5 The

acknow edgnent signals are transmtted by t 4 reverse pagers 114 in a 1.5
MHz band selected fromw thin the 902- § rRRRSEL Fum The 1.5 MHz band is
divided into 7.5 kHz channels to provi el s avail abl e in which

Wde o which & barcer fregneeie 30 b ﬁ:‘“‘ﬁ%"’“’“ﬁ%ﬂ‘mﬁipml e Sﬁaﬁnélm
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Each transm t frequency%ﬁ%?ﬁﬁe{ﬂgy#i?ﬁus J@gg?—ggé%lﬁé{%ﬁﬂl@%wel%

appr oxi mat e m & peermtstaffed henples qummtnthlamghlblbeﬁﬂle HlpiwemqodethPSKOWﬁi&h
i naccuracies in the_reverse pag its and.refer enfc al s, _the
act val will represent o the same frequency o e G op. The

next set of samples may be another phase, but of the same frequency. Ifa 10
kilohertz frequency is sampled, for example, there will be ﬁﬁy cycles of
frequency within the'S milliseconds.

10 The samples may or may not contain any frequency of interest,
however, they will contain additional noise and some interference. The ‘
viewing of these samples is accomplished in the frequency domain to locate
peaks indicating received frequencies at 1702, This initial look at the samples
is performed with a fast Fourer transform which is well known to those

15 skilled in the art. This FFT algorithm operates at a 30 khz bandwidth and the
10 khz signal, used as an example here, will lie somewhere in that band.

The FFT is done using 512 cells spanning from zero to 100
khz Bach frequency cell has a bandwidth of approximately 200 hertz in the
frequency domain. Each 200 hertz cell will contain some energy from the

20  spectrum. Of the 100 khz bandwidth processed by the FFT .in DSP 1301,

 only approximately 75 kHz *'18 kHz will be of interest. The first event in the
process of decoding the message is to perform adaptive thresholding through a
series of steps at 1703 through 1705 to determine the noise floor. This is .
accomplished by integrating the signals over a large period of time. By

25 performing adaptive thresholding, the noise threshold averaged over a large
period of time may be determined The spectrum of interest lies within a
75 kHz 18 kHz band such that when the average noise of the spectrum is
determined, it can be evaluated whether the signal is larger than the noise to
locate the frequency peaks in the frequency domain.

30 In order to determine the noise threshold, integration must be
performed over more than one bit. Since the noise across a large period of
timne, that is across a number of 5 millisecond bits, is statistical, it will




transmt frequencies will vary between units. If high quality crystals are
used to accurately produce the required frequencies, very little drift off
the‘center frequency will result In the preferred enbodi ment of the present
i nvention, |ow cost crystals are purposely enployed to keep the per-unit
manuf acturing 20 "costs down. This will allow for a | ower-cost product
sold to the user which will increase nmarket _penetration. Thus, reference
crystals are preferred which have a freque@@y accuracy of 3 ppm such that

at 900 MHz the statistical drift would approxi ppt el 700 . The
crystals center ﬁ?@ﬂ%ﬂ‘g@yﬁfﬂmW§oﬂ%ﬁbﬁﬁl f’g%g%@ﬁmﬁofo% to
agi ng and tenper gfdtfafe Midghabd. OThe toitHin Mt afal dré colferant SyviHEGWRAT €d to

the transm ssion _tinmes so the drif nsni ssi on due to .

during a single transm
these latter var Mmmitgthmpmqf&hwhc@ih%m@als thequarber ohbigs. | Bhushifn i n
Table 3. The 15 m,llisecond ard,ti r dj he D is.primarily a
settling tine foW@E%QWI@;%&’ Q’Frﬁﬁﬁﬁe M@’ﬁ%&é‘ﬁ”t o al I>low
t he internal @Chhﬂﬁ@m&hh@giowteaﬁfl@ dividkd betthe bdirrd ot bf HI) 46 peyardet ween
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hops. Each hop is transmtte a single frequency in which the phase of
the carrier is emmmm«@ﬁﬁdes phase or 180 degrees phase in reference

to the phase of the referqugppéblmﬁﬁlﬁgéWgWXnM&% i&l&%tqm et or

guard tinme. Thus the first ap

some of the bits will be in phase of the frequency of interest and Some will be
out of phase. Thus, some of the frequencies are in phase and some are

10 inverted phase, which, if not corrected, will reduce the power of the signal
over the integration period. Thus, to know whether the bits are in phase or
out of phase, the noise sampling will take place during the preamble at 1703
where it is known whether the bits are in phase or out of pbase based on a
known preamble sequence. Thus, of a 53-hop message, the first five hops are

15  preambles with known information, that is, itis known a priori whether the
bit will be in phase or out of phase.

Referring to Table 1, the preamble is 165 bits spread over five

hops such that 33 bits per hop. A single hop is shown in Table 3 where a
single hop is comprised of 33 5 millisecond frequency transmissions. Each 5

20  millisecond frequency within the preamble is an altemating 1010 10
pattem which is known to the receiving system. Since it is known a priori
what the bits will be during the preamble, bit inversion, or phase inversion,
can be performed at 1703 according to the alternating one-zero pattern to aid
in determining the noise threshold.

25 Coherent integration at 1704 is performed at 1704 over the
period of five hops of preamble after correction of the phase of each bit. In
this fashion, the frequency of the preambles will stand out within the
frequency spectrum and a noise floor or noise threshold can be calculated.

The FFT provides as a output the phase and quadrature values
30 in a complex value defining a vector and phase on a phase plot. The complex
value, known to those skilled in the art as the I and Q values, make up this
complex number. The absolute value or the square of the I plus the square of




reference bit followed by 32 data bits exhibiting either zero phase shift
or 180°degree phase shift to encode the data bits as DBPSK (Differenti al

Bi : Phase Shift keying). 5 Each bit of DBPSK is a transm ssion
of ‘approximately 5 mlliseconds of the hop carrier frequency either in
phase with the reference bit transm ssion or 180 degrees out of phase. Each
actual bit is approximately 4.7 mlli secondfs of carrier at the hop

frequency preceded _and foll owed by approximately 0,15 mlljgeconds, of qui et
guard band to r%@@%@qmﬁﬁgﬂgﬁ%@%ﬁ#%%%@s WRge
contribute to stgns te | A forhat 12350 thS DSP- | &ﬂah%?’ | e
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reverse pagers in the market serviced by the reverse paging termnal use

the same pseudohedneelin fihezent integrationdistperionmed eveeapedediehd() millisscorrise
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slices of each hop in series to perform four slices of 40 milliseconds each for
each hop. The additional five milliseconds is thrown out and the coherent

10 integration continues over the five hops of the preamble. After taking four 40
millisecond slices of each hop over five hops, the total integration period is
over twenty intervals of 40 milliseconds each. In this fashion, a very clear
signal-to-noise ratio is known

Those skilled in the art will readily.recognize that incoberent

15 intégration can be used rather than coherent integration at this point is to track
the frequency deviation due to drift occurring in the transmitter during a large
interval. Although coherent integration provides a better signal-to-noise ratio
(on the order of the square root of N) incoberent infegration can be used with
a less desirable signal-to-noise ratio (on the order of the square root of N)

20 since the frequency is not stable. During a frequency drift during the
integration time, incoherent integration will lose some of the integration power
during a long interval. By doing incoherent integration over relatively short
intervals of approximately 40 millisecorids each, the problem of drifting of the
frequency of the signals over a large interval can be overcome since

25 incoherent integration is not as sensitive to the drift in phase.

At this step in the processing, the DSP has viewed a large
spectrum that has noise that averages out after five hops and a signal that is
averaged over five hops. By doing coherent integration, the algorithm uses a
moving average during the whole detection process.

30 - To locate the energy of interest within the 200 hertz cells of the
FFT, a moving window is used over the interval to find the cells which have
frequency energy in them. In the moving window process, the left cell, the




- 30 enbodi nent of the present invention, the pseudo random noi se code is

-stored’in nmenory of each of the pagers. Those skilled in the art wll
readi |y recogni ze, however, that a |inear feedback shift register could be
used to generate the pseudo random noi se code on a real-tine basis instead
of using a | ook-up table which is presently in the preferred enbodi nent. 35
The PN (pseudo-random noi se) code |ist is3%tored in nmenory and maps to a-

frequency list. In the preferred enbodi nent_of thev& sent 24 invention,
the PN code |i stightaeselly and thecosnter eell hipveca 3roel segmant Cie‘&d@?@é- Thee contr ol

means of the re | |t ' hghﬁ#ﬂ] 3 t_qf the
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cell, that cell is tagged as potentially having a frequency of interest. The cells

that are tagged as a result of the moving window plus slot indicate a located

10 frequency:.

In some situations, two adjacent cells will pass the threshold.
This is because the frequency of interest did not lie within the center of a 200
hertz cell. ‘When this happens, part of the energy will appear in one cell
toward the wall of the cell or the side of the cell and the remaining energy
" 15 will appear next to the adjacent wall of the neighboring cell. To determine if
a frequency is of interest when split between two cells, an additiortal process
of interpolation must be performed. : | |
Interpolation is an approximate method to find where the
frequency lies between the two adjacent cells. The signals once again are
20  taken over an integration period of 40 milliseconds to determine what the
frequency drift or phase drift of the frequency of interest is ﬁoﬁicentert_o
center. It is likely that the frequency of interest which is split between two
cells is the result of a drifting transmit frequency during one hop. By
comparing the sequential 40 millisecond integration results, the change in the
25  frequency phaser, that is grapbed as an I-Q value on a frequency phaser plot,
can be viewed by comparing the sequential 40 millisecond deviations to note
the drift over time such as that shown in Fig. 14. Thus, some information
will be obtained as to the frequency within each hop and how that frequency
is drifting between the 40 millisecond non-coherent integration intervals. So
30 within each of the 40 millisecond integration periods, some of the frequencies
will appear in the center of the 200 hertz bins and some will appear split
between adjacent bins. By viewing the 40 millisecond integration periods in

Bangded



- into groups and the groups are assigned different sequence segment
-l,ocatidns in the same 1,000 menber PN list. Thus a pager from group one

W l:] begin transmtting a hop at a frequency determned froma first

| ocation th the PN 15 code, while a pager fromgroup two may begin
transmtting a hop at a frequency determ ned froma second |ocation in the
PN code. The pagers from group one and gr3p two will conplete their
respective acknow edgenent nessages in 53 hops Pr ef erably, the sequence of
the PN code usewhich thiefrequencies appeat i theeentee biry ¢hesfrequeney damrbe he pager

et ernine the T IGHEE X ”@ﬁ%ﬂééﬁg@?ﬁﬁﬁﬁi&éﬁgﬁg iR Cona g1 oup.
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segnents of the P code | iI'st are orthogonal such that the sane frequency is
never used by tsignabaddus, bycknoving she appoosimate drequesicy ebinterpsys, and having I n
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with the menberPhedrifeass tisntid aﬁee&otxprhbm&dﬂthemw@baisl on in
the PN code |ist, The mcrocontrol er of Iﬁ)2ach pager, regardless Its group
menber shi p, contherhsse dyift-apddhe preguas IHEpE A SRYCRU Ao Rfetigequence to

stay in synchr the base unit and aII ot her pagers. Each group
of pagers is fﬁfg%‘ﬁg{)f%&vw i nto four subgroups such that the pagers

wi thin each subgroup are Hgsiotud gphaseadriftofie ramsmiittdirequishey €Y be quite

10 severe over the course of a 10-second transmit interval of an acknowledgment
from the remote pager, as illustrated in Fig. 15. By knowing the phase drift
however, the phase of the signal can be detenmined and tracked throughout
the entire acknowledgment message. Therefore, correction can be made and
accurate phase information can be extracted from the individual bits even in

15 the presence of phase drift of the frequency. With this known phase drift

_ information, the phase drift of future received frequencies of unknown bits

containing actual information, not preamble, can be predicted. The phase drift
is typically linear, so predicted phase drift will be known.

vk

20 Bit Extraction o
Now that the phase drift is known, and the frequencies of
interest are located using fast Fourier transform, the actual phase information
of individual bits of interest are extracted, as described in Fig. 18. This is
done using Discrete Fourier Transform (DFT) at 1801. Since the frequencies
25  of interest have already been located using the Fast Fourier Transform across
a broad spectrum, the Discrete Fourier Transform, which typically requires
much more processing power than an FFT, is used on a narrow bandwidth.
The DFT analyzes the frequencies only on the frequencies located using the
FFT where the frequencies lie within a 75 kHz ¥ 18 kiz band. The DFT is
30 actually performed using only four single cells or bins in a
75 kHz T18 kHz band.



25 code_ list Although the 53 hop sequence needed for each acknow edgenent
transni ssion may over| ap the 53 hop sequence used by a pager in another
subgroup, the transm ssion sequences of a pager of one group is chosen to
not overlap the 53 hop sequence used by a pager in another group. 5 Base
Station Design Referring once again to Fig. 5, the two-way pagi ng system
consists of a central station transmttinggia nultiple tansmt towers |
13A- 113C located throughout the geographic market served In the preferred

10 enbodi ment of the presgNfestHy@bo8, the Aeifdad 318 GRRat of a
single central station and several base stations | ocafed throughodt the
regi on as shown mmstrheckmpwnith @mmwmffbﬁbghﬁmﬂmm I I be

Out 0o g page w L ARGS9 aieRei BRSK R 8 b AR FREH 37, ©
operator 15 at ﬂlewafadsxﬁgle%pasmdﬂef&mmewmmasrranagerrent

conmput er wor k statlon or the I may be automatically bandi ed by automatic
answer i ng nachi nadlis §g@ mmd@d‘:@hhoﬂlléﬁpf)&)ﬁ preagblg defection, to t he

VST bub 16 and T a&G%I Ao O R TR SRl e bl 0

113A-113C. phase of the frequencies of ’rhc bxts of each hop to the reference bit. ’Ihus 1t
is of paramount importance that the accurate phase of the reference bit be
determined. To insure that the accurate phase of the reference bit has been

10 determined, the phase drift of the signal must be known and a predictor must
also be used to predict the shifting of the phase for each subsequent bit after
the reference bit to insure an accurate comparison. of the reference bit, i.e., bit
one of one hop, to the 32nd bit of that hop. Phase drift could be occurring
during a single hop such that the phase of the 32nd bit of that hop may have

15  altered to the point of giving inaccurate comparison to the reference bit. Thus
the phase predictor is used to compensate for the phase drift and insure
accurate decoding of the DPBSK.

Dt Prediction
20 The prediction of the drft of the frequency transmm:edbythe
reverse pager is based on the history of the preamble and the history of the
current and previous hops being decoded by the DFT. The drift in frequency
is approximated by the following formmla: o
AY=2n AFx T
25 where AVis the phase drift and AF is the change in frequency over time. So,
over a 5 millisecond interval, where T =5 ms, if there is a change in
frequency AF, which is different from zero, there is a A¥ phase change.
Figure 16 shows the phasers indicating accurately decoded
frequencies during the bit times of a hop. The shift in frequency is shown by
30 a drift between the decoded phasers of Figure 16. For example, a 10 degree
phase off the predicted zero degree norm can accurately be decoded as a zero
bit. Over the course of the message, the Zeto bit may drift through zero



20 . The inbound leg, that is, the acknow edgnent paging signal.
fromthe reverse pagers, will be received by one of the plurality of base
stations shown in Fig. 7. The received nessage will be down converted,
denodul ated and error corrected. The nessages are then transferred to the
central conputer with the tinme of arrival, the pager ID and the destination
25 through the VSAT lines. The central station can then transfer the
nessages to a central nanagenent conputer40\/| a RS 232 port for return of

t he acknow edgnent to the caller acknow nen consi, st of

aut omat i cal | 'y dﬁﬁgr%tq%ﬁs @ﬁ%@&wg &%m@g@é%M%%m
The system woul dgal g@@gpéﬁa%} dwo(%[i i
Acknow edgnent nay %&éo?% t rough a nodemto anot herf coant e? an

acknow edgnent deg:eé@hasemgybet&cqxbdasmodk@ﬂxgmfaemepbuglofgh@r message

AT T A B A B o

effected withou W RN HHe! %hatséf&eﬁ@wal@heds&ﬁhg ST EondTBY

consi st of a ne PC co I ble conputers t0 handl e communi cati on
and sorting of hepsdfjitss 'Icnbwnrﬁmthbepvw@ drify owir apadiep 4t 4@ degrees then Assages
are correlated {9 %cralsued?cteci.'%or each individual 5 millisecond bit of the hop. This
provides a correction for each bit based on a prediction of the phase shift and
accurate decoding of the bits during the transmission as shown at 1803 in Fig,

10 18

If, for example, a 240 degree phase shift is decoded for a
particular bit, it may be difficult to determine if that decoded phase is
representative of a bit zero (zero degrees) or a bit one (180 degrees). The
error is not the difference between 240 degrees and 180 degrees, but the error

15  is the difference between 240 degrees and the predicted phase based on the
drift off 180 degrees. In this fashion, more accurate prediction of phase and
minimization of error of decoding of bits is accomplished.

The drift over a period of ten seconds, the nominal time of a
single transmission of a reverse pager, is at the most on the order of 15 hertz

20  In a 200 hertz cell ﬁomfthFI‘,ﬂaistranslatestoanerrorofatthemost, 90
degrees over the entire interval of the transmuission. If, however, the DSP is
integrating between hops, a much greater drift may occur from hop to hop.
With the prediction and correction to the prediction on the DFT, this
prediction of frequency drift is applicable between hops since the same

25 oscillator suffering the same drift is used for the different frequencies of the
different hops. Thus the prediction can be carried between hops and used
fairly accurately to decode the bits as shown at 1804 in Fig. 18.

Confidence Factor
30 After the bits have been decoded according to the known phase
drift, the confidence that the bit is a zero or one is next determined. As
described @bove, inner- and outer-coding of the message is performed to




plural_ reception of a single nessage by a nunber of base stations is
perforfmed to elimnate duplicate reception of nessages. Each of the base
stations shown in Fig. 7 consist of equipnment that is installed externally
and operating automatically on each of the transmt 10 towers. The.

equi pnent installed for the base station on each tower consist of RF box
and several antennas. A paging omi anten 3 is of course the existing
nmutipl e di pole transn1t antenna A GPS Antefnnae is included to receive the

accurate time of .day.n %%oﬁ H@ér@hhg’ik 91%0 ishEP®AERImiA thEVer se
pagi ng omi antenna I's al so msmﬁ%]l ed to receive the 15 reverse patg:éng
messages as showonipleté-logs oﬁmﬂmmdnlo)toamosbd)wsﬁ i Thusy de- lnmngmg si gnal
to within a bandw dt .The radi ya.Levers a signal s
are then conver @@‘Ef"?lglsﬁ?& %ﬁﬂmﬂ‘ ﬁ@m&}g{]@ﬁﬁﬁ)ﬂ% cﬁ/ﬂ? gﬁsﬁgs
conversion to 'Ehbv?%‘i?ﬁ' dﬁlq fg to avoid sensitivity Iost due to the | ong
cabl i ng connectin oor “equi pnent to the RE equipnent as shown in .

Fig. 8. Lossds at 900 NHzA@mIbutchglsmbla@penf@mad & wfiolesisnoi ded. The

cRgn\S/(l;lr)f)s/SEﬁ(ren ];98 g@@IgF b %5&(% ?ﬁg%%;lgoﬁd%%%uenﬁ&~% chain
of Fig 9 starts ghdnhe pl va sopyreiadaia bit i elghe diffPdnt Hops, thm]mﬂdeis
S e

out - of - band |nterference Abandvmdth of this filter | ct in the

preferred enbodifregrencyclivrasity. Ve method to dowe 305t deisapmbls tpi)@x) e@g oper at i ng
in the 900 Mtz band Wi kb & PRLSSod STRAALhE Thd Bl 2¥a8Re 4 9BBased on a

10 weighted average over the eight copies of each bit. The coefficient weighting

a specific copy is a reciprocal of the signal-to-noise ratio in the relevant hop.
 The mterleavmg format shown in Table 2 allows for the

duplication of the 33 bits of each hop. As shown in Table 2, a 64-bit data-
word is divided into 32- bit data parcels and a reference bit is added to make

15 up a 33-bit hop. Bach of the 32-bit data parcels is then interleaved in an A B
A B format as shown in Table 2. Thus, each data bit within each parcel is

 duplicated eight times. |
g The signal-to-noise rafio is known for each hop as described

above. In addition, there is recorded a phase predictor for each hop which

20 indicates the phase drift across a single hop for a single frequency. However,
due to noise in the signal, it is often the case that there is a plurality of non-
linear values for the phase of the individual bits in one hop instead of a
constant phase drift. The plurality of individual values is indicated by a
plurality of "¥'s" at 1601 and 1602 in Figure 16. If a single value for the

25 phase is decoded for a single hop, there is very little noise. However, if there
are a-plurality of values such as that shown in Figure 16, there is some noise
obscuring the received signal. By detenmining the standard deviation of the
differential hop phases 1601 and 1602 there is a good evaluation as to what
the signal-to-interference ratio is. Interference does not mix very well with

30 the signal and will cause a large mumber of decoded phase values for a smgle
hop. Thus, the standard deviation of the value of the phase around zero and
around 180 degrees gives an evaluation for the signal-to-interference ratio of a



Kelvin.is used to anplify the incomng signal. The anplified signal from
LNA 901" i s passed to a helical bandpass filter 903 to cancel the inmage 30
freqguency noise. The filtered and anplified RF is down converted to a 70
MHz | F frequency using a 17 dbmlocal oscillator mxer in order to preserve
the systens dynam c range. The |l ocal oscillator operates at 850 MHz | ocked

27 to a reference of 10.625 MHz. The 70 Wiz | F frequency is anplified
and filtered by a SAWfiter 906 with a bandwidth of 1.5 MHz l\/t:rocontroller
907 rfecel ers consmaglkd d Mkmﬂardmléwaﬁmi@ﬁlhemwgbew@fo?&ﬁ@e o

I nterface romt | ndoQr hase n equl FI g . T |s
dupl ex i nt erface E?Cé?}' 3%( Sf%ﬁlé)ﬂofgfmgﬂﬁ\%lﬁ@é@bjﬁ@

pul ses. To mni rgﬂ@‘? d cont rol i ne interference fromthe indoor
equi pnment to the 0X P igital lines are differential according to

t he RS-422 st &nd | e

operation of the RF box such as SpPABNES: 86ft Inee ower |evels and 10
anplifier status. The RF box is powered by 48 volt AC which is locally
converted to the operating voltages required The 70 MHz output is
transferred to the base station i ndoqr =g Biegancsidiobhown in Fig. 10. The
base stationipndoor equipnent consists of

ABABABABABABABAiB'

Hop Decoded Bit S/N Weight Result
15
1 I 10 +10
2 i 8 +8
3 1 3 +3
4 0 1 -1
20 5 1 9 +9
6 1 2 +2
7 1 10 +10
8 0 2 -2
25 ' +39
Confidence: 39/80 that a ONE was decoded.
30

“Table 4 shows the weighting of the eight interleaved bits
representing a single bit across a plurality of hops. The values for the bits are
surmmed based on a weighting determined from the standard deviation of the
individual hops. Thus, if the standard deviation for an individual hop is very

35 low, the confidence that the bits have been accurately decoded for that hop
may be ten on a scale of one to ten where 10 has the highest confidence of
correct decoding. If, however, the standard deviation is quite large for the
received decoded phases for that individual hop, the weighting factor may be
one. To increase the confidence of the received message, the weighting is

40  used to remove decoded bit values that are too low in value and quite
possibly decoded in error. In this fashion, only the high-confidence bits are
used to determine the accurate decoding of an individual bit.



a conplex of six units operating under control of a base system conputer 15
1001 which in the preferred enbodi ment of the present invention is

i npl ement ed .as | BM PC conpati bl e conputer with an interface board to
control the other four conponents of the |ocal base station. The paging
transmtter rack 1002 is generally inplenented using standard pagi ng
transmtter equi pnent such as that nmanufa &%ured by [err] Mdtorola 20

NEC, etc. The POCSAG encoder 1003 is also™available in the industry and is

manuf actured by Zetron. The A q%%:&;ﬂg |s r edundant
I f the delays of the conﬁmaﬁﬁ%%i? %%’gg%eﬁgv\ee&n&]{lﬁe ase SEI%]I on 1001 and
the central pagieverst BOHBY 63 Aperithmiko entradithe ectoaldiatmbitsas shewndairi@0at t he
pagi ng term nal. Base station corrputer 1001 synchroni zes the 25 accurate
transmit of theoPBEsA® dat a by using an inhibit line until the timng is

correct based on GPS tinme. A GPS Receiver 1004 is used to receive
extrenely accurate tine of day and to create one pul se per second reference

cl ock which s then used by base sRatiotenRewmgPager 1001 to transmit via

POCSAG encoder 1003 30 the, accurate hrom Z on ssages required for
synchroni zing the renote % ggﬁ §0k ?ttheremoerev oe(i] ef

in the preferred embodiment of the present invention. The paging receiver
1901 is of a standard design well known to those skilled in the ihdustry. The
paging receiver receives digital paging information either in the POCSAG

10 format, ERMES format, FLEX format or other industry standard formats. The
paging receiver down converts the paging signal from antenna 1902 and
provides the POCSAG data to the microcontroller 1903. Microcontroller 1903
controls the entire remote pager shown in Figure 19 and is in the preferred
embodiment Motorola Part No. 68HC05B6. Attached to microcontroller 1903

15 is a keyboard and display 1904 for displaying messages, menu options for
acknowledgement, status and the like and a keyboard or keypad or a limited
nurber of keys for entering information and acknowledgement decisions.

Essential to the proper operation of the reverse paging system is

the ability of the individual reverse pagers to produce extremely narrow

20 frequencies within a limited accuracy of the needed frequency to transmit the
acknowledgement signals using DBPSK to the paging terminal 16. As
described above, each frequency hop is allocated 7.5 kilohertz channel
bandwidth within the frequency list. The actual frequency transmitted by the
remote reverse pager Figure 19 must lie within that band to be properly

25 decoded, however, in order to allow for collision avoidance between multiply
transmitting pagers of the same group, the location of the narrow band
frequency within the 7.5 kilohertz channel does not have to lie at the dead
center. In fact, the inaccuracy of the location of the exact frequency within
the 7.5 kilohertz channel transmitted by the reverse remote pager Figure 19 is

30 encouraged to be off oente; so that multiple-transmitting pagers within the
same group can be distinguished. For example, statistical distribution of

multiply transmitting reverse remote pagers from the same group would allow



The I F to base band convert 1005 contains signal decodi ng, denodul ating and
DSP (Drfgital Signal Processing) circuitry. This unit receives the 70 VHz | F
signals fromthe RF box, denodul ates the signal to baseband, strips the
digital data fromthe analog signal and translates the data 5 into decoded
messages. The decoded nessages are passed to the base station computer 1001
via RS-422 synchronous conmuni cation |ine.4fo0 ensure accurate

synchroni zati on of |nfornat|on received by the IF to base band converter
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are inplenmented fféiﬁ@\eaaaluels&d&mﬂﬂ&elebhd7aihlwhetﬂz ﬁy:qmcpgxﬂthee that as

mmybe. added to | PGS RO foSTeReb UGS IooB B 160k P g SHBUE AR ar t g
oM e, £PI L Fgt PR 10 OpBES Ao, i i et |

10  transmission, phase noise of the generated frequency must be kept to a
minimum. In addition, the lock time of the PLL must be fast to allow rapid
hopping between frequencies. The new hop frequency selected by the double
loop PLL must settle and generate a clean, narrow skirt frequency within the
15 millisecond guard band shown in Table 3 for a single frequency hop. The

15 phase noise of the frequency transmitted across a single hop for the 32 bits
plus reference bit must be kept at a mininmm to ensure proper decoding of
the 180° phase shift between bits indicating digital zero and one.

To ensure proper lock and stabilization of the hop frequency,

the double loop PLL must lock in less than 5 milliseconds. To meet these

20  requirements, the double loop PLL shown in Figure 19 is specially designed
to hop and lock a 900 megahertz carrier within a narrow frequency range.
‘Tests have shown that the phase noise requirement of -80 dbc/hertz at 1
kilohertz from carrier or -90 dbc/hertz at 5 kilohertz from carxier producing a
nairow band frequency which is less than 200 hertz wide. The double PLL

25  loop design shown in Figure 19 adds 23 db to the phase noise, which is
acceptable.

The double phase lock loop synthesizer (DPLL) shown in

Figure 19 and generally diagrammed in Figure 20 includes an inner loop PLL,
PLL1 1950 (shown in a dashed box of Figure 19) which provides a frequency

30 of F,F.,, a down converter 1952, which converts the output frequency 6 Ey
and a second PLL (PLL2) 1951 which locks on E, and controls the VCO
1908 which provides F,,. Note that the fiequencies shown in'The Eaniple



with a plurality of configurations identical

25 capacity of t

nuabered 1 through 6 (1102a-1102f) shown Fig. 11, operate in parallel but

denodul at e separ

he system The individual |F to baseband converters,

ate groupi ngs of frequencies. As described above, the

reverse pagers are assigned to groups which operate at different
frequencies using a different portion of 3@5the pseudo-random noi se code to

perform the hops
| F to baseband c
group of renote

hops. Preferably,
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meggahertz reference 1905 having an accuracy of 3 parts per million is used as -
the same reference frequency for both PLL1 and PLL2.

The double loop PLL design in Figure 19 includes two
synthesizer chips for each PLL. Synthesizer chip 1918 of PLLI is in the
preferred embodiment a 1.1 gigahertz PLL frequency synthesizer, Part No.
MC145190 available from Motorola Semiconductors, Phoenix, Arizona. This
frequency synthesizer, referenced to the 9.6 megahertz reference frequcncy
1905, generates a local oscillator signal of approximately 860 megahertz.

This PLL synthesizer chip 1918 produces a locked stable output signal which

. is low pass filtered to produce a variable voltage to control voltage control

20

25

30

oscillator 1915. VCO 1915 is in the preferred embodiment, Part No.
MQCS505-900 operating at approximately 860 megahertz and available from
Murata of Tokyo, Japan. The feedback through sense 1914 keeps synthesizer
chip 1918 stable to produce a stable, fixed output which is the coarse
frequency of the double loop design.

The second PLL 1952 produces a fine control frequency. PLL2
1951 includes synthesizer chip 1906 which is in the preferred embodiment of
the present invention, Part No. MC145170 available from Motorola
Semiconductor of Phoenix, Arizona. This is a PLL frequency synthesizer chip
with digital controls for control by microcontroller 1903 which is very similar
to synthesizer chip 1918. Synthesizer chip 1906 produces the fine control
frequency which is programmable by microcontroller 1903. Frequency
synthesizer chip 1906 adjusts the output frequency depending upon the
frequency of the hop transmitted at the current time by the reverse paging unit
of Figure 19. By adjusting the fire frequency, which would be mixed with

to Figure 11 to increase the

) ) ng process shown in Fig.. 11, the parallel
abiwstration of Figore zﬁm&yewaxnémle adenat by wayuek £ er ent
R&ﬁﬁé& and track a different group 29 of frequencies

0FTequency hops are all performed within a limted

to



10 36-kHz band The actual nunber of parallel pipelines of IF to baseband
converters 1102 required depends on the vol une of reverse paging traffic
antd ci pated for a particular market In the preferred enbodi mrent of the
present invention, only six pipelines are described and the frequency hops
within each of the 40 groups stay within a 36 kHz band with each pipeline
15 processing an average of six or seven 4goups. The frequency hops for a
particular group may nove to a second 36 kHz band according to the

synchroni zati on %mMeMmdmmwmqmy@ﬂm@WMmeeudo-
random noi se code. n t.his. cu t he I ne of |F.to
baseband convert wamr l?tglei’&?ﬂ?dm?sﬁa j“r‘%l 1&‘%8%5’% ers wil
change 20 to a pewwhoisblkie equency band or hand of f thatgroup ‘to anot her

pi pel ine. The frequencies assigned to the pseudo-random noi se code are
preferably selected to be Dig hvdpwnﬁsyaﬂl&ﬁzmchlp $YWois dow pass ﬁlﬁwmdttdne 1.5 Mz

band whi ch do-not_ qverl a u I re 12 a bl ock
di-agr am of th% | B o&boebaagg\'@%ﬁ%Dga“@@g?gq 1@ 12?8f hl‘?%e descri bed
above, the bandvhgiifatf190868 it Hpreferred eribdiitidat Part Mol MQ@@GQ@M peline to

process four channels. Each IF to baseband converter contains an |F strip

whi ch tracks t heOReoasing i fe@msgaherta band ks provide dhe ARty zes four 9
pr ovi de- br oad cdiarEd ﬁ%%%ﬁgq%ﬁév ?ﬂéﬁ?@?’a 98 sk SR S8 408
convertor of Fi gurghelidp@an rhixae k9@ndllentdaese fraxp em traént Kidim WLAd &Hnds
wthin the 11(? I\g_phpro%clulngt%?; %5 Pn%gghvgrtgtlshm?%edcwﬁl n gna& output frequency by
mixer 1912 to produce a down converted fine adjustment frequency within
down converter 1952. The fine adjust frequency is band pass filtered with an
SAW band pass filter with a center frequency of approximately 38 megabertz.
Band pass filter 1916 is in the preferred embodiment Part No.
15 SAF389MZRS0Z also available from Murata of Tokyo, Japan.
The output from band pass filter 1916 is the E, frequency used
for the fine frequency control of synthesizer chip 1906. In this fashion, the
feedback carefully controls the output frequency of synthesizer clﬁp 1906 to
ensure accurate frequency reproduction exactly or near the center of the
20  required hop frequency.
The output of VCO 1908 of PLL2 1951 is mixed with the
BPSK modulation data through mixer 1910. The BPSK modulation data is
output from microcontroller 1903 to adjust the phase of the final output
carrier frequency in mixer 1910. The final output frequency is buffered by a
25 1 watt power amplifier 1911 and transmitted by antenna 1921. '

DPLL Frequency Selection
The DPLL design shown in Fig. 19 operates to synthesize
accurate narrow frequencies by using a beat frequency generated as a result of
30 mixing the outputs of PLLI and PLL2 as the error signal for PLL2. The
selected output frequency from VCO 1908 is determined by the output
frequency from synthesizer chip 1951 which in tun is determined by the




| ocal oscillator frequency used to downconvert the incom ng signal. 30
As shown in Fig. 11, the IF distribution board 1101 distributes the 70 VHz
|F:fo the plurality of IF to baseband converter pipelines. Al so sourced
fromthe IF distribution board 1101 is a 9.6 M1z reference signal in the
second | ocal osci.llator signal. These oscillators in the IF distribution 5
board 1101 are voltage controlled crystal oscillators (VICXO . The
frequency is locked to a 9.6 MHz referencefsi gnal generated by the base
system conmput er 1001 based on an accurate tinme base fromthe GPS receiver
1004 of Fig. 10 divistonooftthe D.seMEkiréferendd drequénciyty thebeat fependyeadiragy is a

very narrow bandw dt.h he ofder hertz in order to preserve the -
clean 10 phase mﬂ ﬁﬁf §§5‘F ?ﬁ"?&r%%ﬁ(@ prognyRed g's g%étf’fa% Eonverter 1002
i's shown in det aﬁhqdeﬁcfbﬁedé@aﬂ&ﬁw&vwrgnbfﬁermﬂ&ml mi

antenna via the IF distribution board is mxed with a selectable first

| ocal oscillator Oemlghﬁje ﬁﬁﬁumcyealedtad)by coholierelfidn dhe whultingfréquesty | ocal ,
oscillator mxin m@é&l %Sﬁ% ed by .15 mcrocontroller 1202 based upon
the 36 kHz bad \nﬁ band of 70 MHz IF carrier to be selected

for decoding by that part |pgmladpeﬁ|tdge,{qumg reddl@iRCEMS0 0fzl Bfemdid@Pby ecei ves its
control information as to which segnent of
dividing the 9.6 MHz reference frequasncy by 20. PLL2 operates with a
resolution of 37.5 kHz determined by dividing the 9.6 MHz reference
frequency by 256. The output frequency E,, is compured as follows:
10 Foe=F+F,.=F;* N, /M +N,/ M)
where
Fi = F*N, /M
Fu= Fu* N,/ M,
and where F;, N;, and M, are parameters of PLLI,
15 and where E,,, N,, and M, are parameters of PLL2,
and where N is the synthesizer divisor for the internal PLL for dividing the

output frequency and M is the synthesizer divisor for the internal PLL for

dividing the reference frequency.

20 Alternate ADDiications
The present reverse paging system is easily adapted to
applications where low power, low data rate transmissions are required. For
example, location of an injured or missing individual or tracking the location

of an individual could be accomplished by placing the pager in auto-

25 acknowledge mode where the pager continuously updates the base station. In
this application, the transmit RF energy could also be used to locate the
person by tracking the continuous acknowledgement energy from the pager.

The present invention may also be used as a medical alert
device. Stmilar to the tracking application described above, a person in need

30  of assistance may be located. To facilitate the location of a person in need of
medical attention, the pager would need to continuously transmit or

periodically transmit quite frequently. To ensure non-interference or collisions



the 1.5 ME band of 70 Mz IF carrier to be down converted fromthe base
system conputer 1001. In this fashion, each pipeline is controllable as to
20 :which 36 kHz segnent it will track to allowit to track frequency hops
within a 36 kHz band or | ong hops between 36 kHz bands. M crocontroller
1202 in the preferred enbodi nent of the present invention is a Mtorola
68HCO5B6 m crocontroller. Mcrocontroller 1202 controls a hopping frequency
synt hesi zer 25 1203 whi ch generates t hd8l ocal oscill ator frequency, for

exanple 91.4 ependi ng gn which 3 Hz slice of,1.5 band of 70 MHz

| F carrier si%gw%e%nﬁse@%#@og@% @6@#6@3@%?& MOYH, Be e conver t er

m Xxi ng frequeﬂ{éﬂicgpéle&ﬁﬁgéﬂtbsﬁs 6@&@[.0,%§ci | lator 1201 is generated by
esi'zer 1202 baSe

hoppi ng frequency synt d upon a controlling hopping clock

from m crocontrol | er 30Thd pGRentritiventonanay-else bd usednn o pllipgamodecei ved from
the IF distribytion board 1101..This first |ocal cillator frequency is
sent through mﬁeﬁmﬁﬂﬁaﬁd‘sﬁm dcqn(gg?}mg . 31 The

first locab ogéidid 8hity td SrfirREOnieRPISN@ilitles, B Btaniple dhdYadiidiRh 1206 for
mxing by first |local oscillator mxer 1201 with thé 70-MHz IF. The first

| ocal osci | | awouldydlithe sempetetenitshto mposruglityrusage. aAlsec tamapte mapitoring
of vending machines to provide accounting and status is an anticipated

apblicaﬁon of the present technology.

10 CONCLUSION
Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary skill in the art
that any arrangement which is calculated to achieve the same purpose may be
substituted for the specific embodiment shown. This application is intended
15 to-cover any adaptations or variations of the present invention. Therefore, it
is manifestly intended that this invention be limited only by the claims and
- the equivalents thereof.




21.4 M4z and is in the preferred embodi ment a high dynam c range mixer. 5
The output of first local oscillator mixer 1201 is to produced a second |F
freguency to allow the use of an anti-aliasing filter with a steep shape
factor. Thus, bandpass filter 1208 red®ives the second IF fromanplifier
1207 to prOV|de filtery fag e qﬁ%ﬁ&ﬁbphmhbﬂr A second | oca
oscillator 1210 is uséd—to F to a baseband
signal and to performthe 26Xt BN A M g2 ection for that

particul ar plgﬁ&%gg Ei%gﬁﬁﬁﬁﬂg Iocal OSC|IIator signal is generated by the
| F distributio % 1210 receives the 21.4 MHz second I F
signal fromanplifier 1209 and mxes it with the second | ocal oscillator

frequency to produced the actual baseband signal. The second local 15
oscill ator corivertsArd!mqmgmgsyStenocampasﬂngtﬂBkszaseband si gnal . Anot her

anti-aliasing filter co do.f | ow,pass fi and ssfllter I n
cascade 1211 is provi de Wlﬁ?aé{plgl %%p ?’b provide
anpl i fi cati®n reskidihe a%lggi n@fcal‘ff%& a pAgin® b&@darﬁleétﬁ@dxﬁgl o is then
sanpl ed by an analog to 20 digital converter using a 100 kil ofiertz sanpling

clock In the pneskaget ed enbodi nent of the present invention a stereo anal og
digital (A/D) converter, for exanple Bur No.. PCML750, conmonly
used in conpact disc au&W@E?%’nﬁ&P%e&ﬁ%‘ﬁgnl IB S is an 18 bit
A D converter opbrath fob trl@fidnfis$iBe of BREpagiictRisshe &Urte@p@rdgag%@mug@

The digital saimples of the signal are t hen passed for processing
address;

10 a plurality of reverse pagers divided into a plurality of groups,
each pager corresponding to the unique address and having a transmitter for
transmitting an acknowledgement signal on a frequency-hopped spread
spectrum carrier the frequencies being selected by a repeating pseudo-random
code sequenoé, each of said groups being assigned to a different non-

15 okampmgsawxmesqmmmtanﬁmcxdcsammmeswﬁlﬂmtm@pmgsof
each of said groups use orthogonal frequencies;

atkmﬂxxwIewmsepqﬁngﬁanﬁmﬂhaﬁnganaﬁwmngMmma
ﬁrxeaﬂwngtheadnxwﬂai;xmﬂxsq;uﬂ<x1aﬁrquam3&hqudspﬁmd
spectrum carrier.

20
2. The reverse paging system according to claim 1 wherein the reverse
paging terminal is capable of servicing a plurality of reverse pagers _
amxaﬁmn&hgtoa;ﬁmmﬁgrofhxkpmmimﬂyopamﬂngloadpmjngtennkmb.

25 3. The reverse paging system according to claim 1 wherein the local
paging terminal includes a plurality of transmmtting towers simultaneously
transmitting the paging message.

4, The reverse paging system according to claim 1 wherein the reverse

30 paging terminal includes a plurality of receiving antennas each for receiving
the acknowledgement signal on a frequency-hopped spread spectrum carrier to

)



| .
‘to the-DSPs, described below. Those skilled in the art will readily
recogni zed that to increase throughput and selectivity of the IF to
baseband converter circuit of Fig. 12, parallel subpipelines could be
utilized. For exanple, the 70 MHz IF could be converted into two parallel
strips of 25 kilohertz each. Two 30 narrow band | Fs would then be sanpl ed
at a 100 kil ohertz by each side of the stgreo A/D converter. 32 As shown
in Fig. 11, there is a plurality of IF t aseband converter pipelines in

Converter i perne. ot RaeloP bybe RS R kO bl vBREH A pbRZO0R Y

di stributed corgaghig tensiraldictuded b @ Im@%b&emmﬂebmﬂh%ewm@s The
di gi tal S|gnal Eisos a%lso utilize local, m.crogontraol|er o | oad and
store the hoppi dﬁ ‘EPQ@N’ ﬂ@?ﬁ%aﬁlmﬂ & Rluglity e & o baseband
converter and ?5}&@@? §Wl|93% ager s
usi ng the one g% se per econ %r%(} econg% ises 5&1(:9

synchr oni zat5 orhoppad toomnajmd&@eogapﬂncrpfaashed by
controlllngtheflrst Ioca oscillator frequency at 91.4 MHz plus or m nus
0.75 MHz providing a resolution of the synthesizer to be approximately 7.5

ilohertz (9.6 gz difyi Aeerb¥adiaBWsterkaBiokltho B cIibeSSwherein each of the
plurality of base stations includes of plurality of decoding pipelines for
simultaneous decoding of a plurality of the acknowledgement signal.

10
7. The reverse paging system according to claim 1 wherein the reverse
pager further includes:
“a radio receiver connected to a recemng antenna for receiving

the paging message;
15 control means connected to the radio receiver and operable for

s continually monitoring a repeating pseudo-random code sequence, and for
selecting a frequency hopping sequence based upon the repeating pseudo—
random code sequence;

ihput means connected fo the control means for receiving
20  acknowledgement information to be transmitted; o
carrier generator means connected to the contro] means for producing a
series frequencies for the frequency-hopped spread spectrum carrier, selected
in response to the repeating pseudo—random code sequence;
modulation means connected to the carrier generating means and the
25 input means for modulating the infonmation onto the frequency-hopped spread
spectrum carrier for transmission by the transmitter.

8. The reverse paging system according to claim 7 wherein the wherein

the modulation means of the reverse pager further includes means for bi-phase
30 shift keying modulation of the frequency-hopped spread spectrum carrier.

AT
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pipelines is provided fromthe base system conputer 1001 al ong seri al
asynchronous control lines. 15 Digital Signal Processors The digital

si ghal processors 1103A-1103F of Fig. 11 receive he digitized sanpl es of
the particular 75 [err] kHz slice of the 1.5 Mz band and processes these
sanples to | ocate the frequency hops and decode the 20 DBPSK data The nain
reasons for selecting this bandwidth is tgimaintain a | ow cost

i npl ement ati on of each channel by using | owcost off-the-shelf conponents,
to maintain a hiQh dyfenieversapagingys texmaocbﬁhﬂgtodlﬂ@&mhmndrec(omer 75db

strong to weak signal ), .and tb match. the es | es of
curregt ly avail @QWE"'@%B‘I‘S‘I%@?H‘E@ 30‘339 REER S ¢ %ﬁ@ gital
si gnal processonﬁnéépaa &ﬂfﬁiaﬂee%ﬂmémm@&g%éﬁlw&ﬁ&mollers as

shown in Fig 13. The DSP circuit of Fig. 13 receives the serial data
sanpl es from t hengshPis fimther oparsble dort pesioticalfyorebevingacduretersynthromfativing. 12

via |ine ADC.SERI AL The serial data ed:-tq P_chip Ol whi ch

i s connected? an&‘%ﬁ%%ﬁlﬁ f&“ﬂ@%ﬁ‘ﬁ@%@& “5’5%‘% i) %t;fl”é
control by Iocauo@w%%[wkggmgmﬁﬁéwlda ata is also fed through a
fast recording interface 1307 for storage in local nenory 1305. the serial

data arrives by serial lines through interface 1304. It is nultipl exed
10.  -The reverse paging system according to claim 9 wherein the control
means of the reverse pager is further operable for using the offset and the
10 local calendar clock to monitor the repeating pseudo-random code sequence
such that the base it and the remote unit are synchronized during the
transmissions of the frequency-hopped spread spectrum carrier.

11 A reverse paging system for use with a base transmitter for
15 transmitting messages each comresponding to unique addresses, comprising:
* aphurality of remote units each corresponding to one of the |
unique addresses; each remote unit including:
- aradio receiver connected to an antenna for receiving
" the messages;
20 input means for receiving mformauon to be transmitted;
remote unit control means connected to the radio
receiver and the input means, and operable for continually
monitoring a repeating pséudo-random code sequence, for
selecting a frequency hopping sequence based upon the
25 repeating pseudo-random code sequeﬁcc, and for encoding the
information to be transmifted and producing therefrom encoded
carrier generator means connected to the remote unit
control means for producing a series of narrow-band carrier
30 frequencies selected in response to the repeating pseudo-random
code sequence;’

\_\illllj O A



33 by interface logic circuit 1304 and stored i nRAM 1305 in batches of 5
m|liseconds of sanples synchronized to the 5 mllisecond clock The 5

m I:| i second batches correspond to 1 bit of a single frequency hop. Each
batch of data is Fourier transformed using a Fast Fourier 5 Transform (FFT)
al gorithm and stored for analysis of thgzconplete hop. In order to perform
RADI X-2 FFT, the sanpling | ength nust be*512 sanples such that there is an

overlap of 12 sanples betV\ee%ﬁmi‘- ' f the

sanpl i ng however does not equate es SI nce sanﬁgi!l

frequency bit at a 100 kmdaﬁhaﬂdmecraﬂnytepmﬁ\uoﬂﬂelxﬁeﬂ;sfermiodal the'l'he

addi tional twelve sanples sfuffed zeropes. ener a ynchroni zati on
on a hop begi ns Wi th th&X &gmn&&e Earglt@péep[ he conpl ete
hop and will then try t eg‘g&{&; ?ﬁaul t dogmi-n. After

I dentifying the peaks, t procesg[c')r WI? I o fo &?13 ggroprl are pattern
of the prelnble for that hoptraﬁkmﬁextineansrfexamnsmnmodmmaedt he DSP 1301

15 wll extract the daﬁa B|t extr CtLonWIQz done only in the nei ghborhood
of the frequencies in ' Bﬁ‘ﬁ det ected. The pr ocessor
identifies the phase Chﬁ'lﬂ?ér&%@éﬁﬁ?r@eﬁvﬁt &Eﬁn

controller 1303 via bus 1302. The preferred enbodlnent t'he resent

i nvention, | ocateramt forldesrodatating B@3infesmatiannent y-f our bit processor Part
No. 56002. The RAM 1303 nust

10 12,  The system according to claim 11 wherein the base receiver further
includes means for performing a Fourier Transform to demodulate the
modulated frequency-hopped carrier signal in synchronization with the
repeating pseudo-random code sequence. '

15 13.  The system according to claim 11 wherein the base receiver further
COMpIises: '
radio frequency receiving means for receiving the modulated
frequency-hopped carrier from the phurality of remote units;
down converter means connected to the radio frequency
20  receiving means for downconverting the modulated frequency-hopped carrier
' and for reproducing therefrom the series of narrow-band carrier fréquencies in
synchronization with the repeating pseudo-random code sequence;
decoding means connected to the down converter means for
decoding the information contained in each of the narrow-band carrier
25 frequenmes and
base receiver control means connected to the down converter
means and the decoding means for selecting the local oscillator frequencies
needed for downconverting the modulated frequency-hopped carrier.

30 14.  The system according to claim 13 wherein the remote it control
means is further operable for encoding the information by performing the
steps of’

B



'have a qm ni mum depth of 32k The software for controlling the processing
shown in Fig. 13 is downl oaded fromthe system controller using an internal
boof- program well known to those skilled in the art. The DSP algorithns are
described below in 25 conjunction with Figs. 17 and 18. The.board
controller is a i960 which is supported b?ig a DUSART, USRT nenory and gl ue

| ogi c. Once DSP has decoded the bits of e éh hop, the controller 1303 w |l

decode the nmessage apply t'p@ﬁé% ﬁﬁg&i et REdRsn t he
decoded data via RS-485 intera é&{so'ﬁ{aﬂe as@ system corrputgtrfme . 30 .
The nessage decankang asrav;dhmhgzd’latsfdfch@alslhlan algorithmfor error .
correction and detection and de- |n Vi. f the nmessaqing,. desqri bed
nore fully bel ow. 34 DB %@@?ﬁﬁﬂ &WI%P’&&%CQ% Fig.
17, the digital \@M:},ﬁg%@h - the frequency hop
Is digitized ané assed f%‘gﬁf e A/D converter tc;ﬁﬂtalhe SP at 1701. The 500

16-bit sanpl &, with twel \diviingfes encoded bisvofsdigitl elata intopgrevpnef encoiedyl e bi t-
of the biphase nCO,{&ed‘,f Efﬁﬂwhl ch will represent a singe phase of the sane
frequency of th F9 58 The

duplicating the groups of encoded bits of digital data to produce
redundant groups of encoded bits of digital data;
interleaving the redundant groups of encoded bits of digital data
10 to produce a plurality of interleaved redundant groups of encoded bits of
digital data; and
| passing the plurality of interleaved redundant groups of encoded
bits of digital data representative of the infprinaﬁon to the modulation means.

]

15 15.  The system according to claim 14 wherein the base receiver control
means is further operable for performing the steps of
s determining the signal to noise ratio of each of the narrow-band
carrier frequencies;
de-interleaving the interleaved redundant groups of encoded bits

20 of digital data to re-produce the plurality of redundant groups of encoded bits

of digital data;

tabulating individual bits of the redundant groups of encoded
bits of digital data to produce mble of a plln'ahty of values representing the
individual groups;

25 weighting each entry in the table of the plurality of values
representing the dividual groups by the signal to noise ratio of each of the
bop frequencies to which each individual bit corresponds to produce weighted
values for each of the mdmdual bits; and

decoding the digital value of each of the weighted values for
30 each of the individual bifs.

AR ORY AR R
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‘next set of sanples may be anot her phase, but of the sane frequency. If a
10 kilohertz frequency is sanpled, for exanple, there will be fifty cycles
of frequency within the 5 mlliseconds. 10 The sanpl es may or
may not contain any frequency of interest, however, they will contain

addi tional noise and sone interference. gg viewi ng of these sanples is
acconpl ished in the frequency domain to | 6Cate peaks indicating received

frequenci es at his jnitial,.| ook, at eg_ 1S erfor with a

fast Fourier triﬁsfor e P@l&@é‘}&mﬁmﬁh"&hﬁfﬁg@é ﬁ%g nf fe art

Thi s FFT al gor | phsiages yipelisth of paslldietegiiptil signllp i"di&ssb@s gz signal, .

used as an exanp| e _heére, | € samewhere in tha‘h) q?nd The FFTis done
N tpap

using 512 cel | ss%rpdmmm@s d:mdlmoncfapl@dxtxwf &aHER gieshas a
bandw dt h of approxinmately 200 hertz in the frequency domai n. Each 200
hertz cell will contain sone energy fromthe 20 spectrum O the |00 khz

bandwi dth precegzed OhhelsystehdochitingI cladf 16 mmﬂwmlmmnaadéﬁr] 18 -
kHz wi || be of |nterest ‘The first event mél process of de odi ng the
message is to pBREditin cmp@ Ofﬁm P’é@ﬁsé’é'ﬁ steps at

1703 t hrough 17 @lg&tﬂe §a§§g(ﬁl%,?{§c§@d by
integrating the signal's over a 11'8{?829 eri (%%?Parr&b'b%n% orm ng

adapti ve thresholdlng, the noi se threshol d averaged over a Iarge period of
time may be det he spectrumo qierest lies within.a 75 kHz [err]
18 kHz band suc that aHB é"}@m’f‘ﬂé’ SETAHMUL det er mi ned,

it can be eypl u@mw@mnﬁ&% s@haﬁaﬁmﬁ%n'ﬁéswge SO pREARY FehBte

units each synchronize an intemnal clock to the synchronization message.

19.  The system according to claim 11 wherein the messagé is a polling
message and where the input means firther includes means for receiving input
15  from a monitored device. - .

20.  The system according to claim 19 wherein the monitored device is a
utility meter,

20 2L A base recetver for use with a reverse paging éystém having a
base transmitter for transmitting messages each corresponding to unique
addresses and a plurality of remote units for receiving the messages and
transmitting information in response thereto, the base receiver comprising:

radio frequency recetving means for receiving frequency-

25 hopped spread-spectrum radio frequency signals from the plurality of remote
units;

down converter means connected to the radio frequency
receiving means for downconverting the frequency-hopped spread-spectrum
radio frequency signals and for producing therefrom a plurality of frequency

30 hops;

decoding means connected to the down converter means for
decoding information contained in each of the frequency hops; and

(O



| ocat et he frequency peaks in the frequency domain 30 In
order to determ ne the noise threshold, integration nmust be perfornmed over
nore than one bit. Since the noise across a large period of tinme, that is
across a nunber of 5 mllisecond bits, is statistical, it wll 35
integrate only as the square root of the number of tinmes of the nunber of
bits that are integrated. The signals w 88in that area are coherent so they
will integrate to the power of N, where N equals the nunber of bits. Thus,
if integrting over 10 bi bmtnﬂlmaeapmmneoﬂeddd)%ld dowu coroprtaf means end she Wi | | be

5 multiplied by the power of 10,. diyided by.the uare roo 10, to get
an integration W@Fi&@ﬁgﬁﬁ?g%ﬂﬁy%ﬁﬁt?ﬁ%%?%w%& a nunber
of bits is thaaoﬁﬁ(g@wglfﬁnghﬁeg—b@' fen¥é-hb ' hips@n@h rddee ncy of
interest and some w | be out Of %asgﬁT us, Sone of the re%sﬁenci es are
in phase and seigpalare 10 inverted phase, which, if not corrected, wll

reduce the gower of the signal over the integration period Ihus, to know
whet her the~bits are in phase or out of phase, the noise sanpling will take

pl ace duning the prgasBhe Rbeiver Moidigtioidaiins2 kRhwein/he dbydidg@edtist s are in
phase or out of phase based on _a known preanbl e sequence. .| hus, of a 53-hop
nmessage, the f further inoluden sppansifas decoding phase shift keying modulation of the

frequency hops to produce therefrom a plurality of data bits from each of the
frequency hops.

10
23.  The base receiver according to claim 22 wherein the decoding means
further includes means for tracking the phase drift of the phase shift keying
modulation of the frequency hops to assist in accurate decoding of the data
bits from each of the frequency hops.

15
24,  The base receiver according to claim 22 wherein the decoding means
is further operable for performing the steps of: .

determining the signal to noise ratio of each of the frequency

hops; _

20 de-interleaving the plurality of data bits from each of the
frequency hops; "

_ locating individual bits of the plurality of data bits from each of
the frequency hops to produce redumdant groups of encoded bits of digital-
data

25 tabulating the redundant groups of encoded bits of digital data
to produce table of a plurality of values representing the individual groups;
weighting each entry in the table of the plurality of values
representing the individual groups by the signal to noise ratio of each of the
hop frequencies to which each individual bit corresponds to produce weighted
30 values for each of the individual bits; and
decoding the digital value of each of the weightéd values for
each of the individual bits.

~I U D0 R R



15 preanbles with known information, t s, it is known a priori whether
the bifwill be in phase or out of phase Refering to Table 1, the preanble
i s¢165 bits spread over five hops such that 33 bits per hop. A single hop
is shown in Table 3 where a single hop is conprised of 33 5 mllisecond
fregncy trasm ssions. Each 5 20 nillieﬁcond frequncywitin the preanble is
an alteating .0 1 0 1 0 pattern which i's known to the receiving syst en

Snce 1115 gaonn 2 br1 Rlothbicendd i Wi bR SRRl o, b1
al tenating ortgg@fzansaﬁﬁfeﬁfdr ttansraitiihg mes&gmrmhhagnghem@&dss&shol d. 25

?Bgrgptp'rgg%ﬁé' O o0 o me Bk LRL IR gh 1708 over, L, et o 0]1: five
spect rum and b EHERRY (3 ebciing HARIRAERR dbhuutl IR I ok e B e

provi des & aemoateduidit téiapydiase and quadrture values 30 in a conpl ex vaI ue

defining a vector and ph e on.a phase l,ot Th nown.
those skilled in the ar‘% FeREVET CoH W@tﬁ@&%@@%m ex nurrber
The absol ute val “emgésaéége square of the | pI us t he square of

control means connected to the radio receiver and operable for
continually monitoring a repeating pseudo-random code sequence, and
10 for selecting a frequency hopping sequence based upon the repeating
pseudo-random code sequence; '
input means connected to the control means for receiving
information to be transmitted;
camer generator means connected to the control means for
15 producing a series of a narrow-band carrier frequencies selected in”
response to the repeating pseudo-random code sequence;
modulation means connected to the carrier generating means
and the input means for modulating the information onto the series of
a narrow-band carrier frequencies to produce a modulated frequency-
20 hopped carrier; and |
transmitter means for transmitting the modulated frequency-
hopped carxier.

26.  The remote unit according to claim 25 wherein the carmer generator
25 means further includes: | '
output means for outputting the narrow-band carrier frequencies
selected in response to the control means;
reference means for generating a reference frequency,
first phase locked loop means connected to the reference means
30 for generating a course frequency correction signal;
comparison means connected to the first phase locked loop
means and the output means for generating a beat frequency comrection signal

O



the Q provides the total ene of the signal at each phase. At this stage in
pr-ocessi ng the phase information is lost since the DSP is only cal cul ating
the total energy within each 200 hertz cell of the FFr. After the noise

t hreshol di ng, coherent integration is performed 5 at 1706 after it is
determ ned what the power of the spectru is in each 200 hertz cell.
Coherent integration is perforned over a Yeriod of 40 mlliseconds which
conprises eight bits. The coherent integration takes 40 mllisecond slices
of each hop in ingespense & {hecoursenfiequencycoreationssignal ard the perowdiandach f or
each hop. The ac%aié)ti nal f.i vgp(rin | 1'i seconds is thrown out and the coherent- -
10 integration™c Pt the five hops of the preanble. After tal dng
four 40 mllisecond sli C%o@idﬂﬁﬁ&ld@k&imof&néameomtdﬂﬁrbﬁt@ce

integration period is _over twenty intervals of 40 mlliseconds eachf In _
this fashion, yand iteeeorgpasisail means §ir gangratingthe s nacrasThand6asa skilled in

dneans
the art wll reﬁa‘g“%{ ' h@% I! ﬂ(}ﬁg E&ﬁ; -1 Nt ation can be used-
rat her than %oher n cl%sﬁﬁé}%%cﬁﬁ%% at this §0| t1s %m%lgl%(i:'k t he frequency
deviation due to drift occurring in the transmtter during a |large
I nterval . Al thaguygh herent integrajion provides a.better, signal-to-noise
ratio (on the otder ROt Iy H A0 t%gmﬁbbgﬂa’ﬁwg%g‘ﬁtm?ﬁa@g{“é{l% can be
used with a le ‘| | .0 AR ' t Hek tei
square root of E) gé él%ﬁ%%%%gﬁ@fﬁ O?B%%l%neéﬁg%l ng de?‘afrequency
drift during themontemgcdataimier fréquencissncoherent integration will |ose soneof

the integration power during a long intervaL By doing incoherent itegation
over relatively short :

28.  The remote unit according to claim 25 wherein the confrol means
further includes a local calendar clock to keep the time of day and an offset
for the local calendar clock wherein the control means is further operable for
periodically receiving accurate synchronization signals from the base

15  transmitter and further for updating the offset for local calendar clock to
ensure accurate time of day.

......

29.  The remote unit according to claim 28 wherein the control means
further operable for using the offset and the local calendar clock to monitor

20  the repeating pseudo-random code sequence such that the base unit and the
remote unit is synchronized during the transmissions of the modulated
frequency-hopped carrier. |

30. A method of transmitting low-power frequency-hopped spread
25  spectrum data, comprising the steps of: _
inputting the data to be transmitted as a plurality of bits of
digital data;
encoding the bits of digital data using an error correction
scheme to produce a larger number of encoded bits of digital data;
-30 dividing the encoded bits of digital data into groups of encoded
bits of digital data;

S



intervals of approximately 40 mllisecoids each, the problemof drifting of
the frequency of the signals over a large interval can be overcone since 25
i ncoherent integration is not as sensitive to the drift in phase. At his
step in the processing, the DSP has viewed a | arge spectrumthat has noise
that averages out after five hops and aéﬁfgnal tat: is averaged over five
hops. By doi ng coherent integration, al gorithm uses a noving average

during the whol e detecti roce ne) e the energy
of interest within the 2‘85’]1%3?‘@2‘?1%87 11588fe?%éieélb’1$ ogd}%t@i &?33\%6? s used
over the int erﬁm@bﬂggbﬂ&&&a&m&?{mm’f requency energy in themin

t he novi ng -w ndow process, the |eft cel t he 37.rig cell, and the

center cell have a 3- celintesleaviag thevihadantsgronps efencodad bitsofrdizldata i s

ner gnbor o 17 ‘piiodieR uBREr b HAERARRTeA PR SACH ool b ' 7

nei ghbors, 3 hali M|data§r§ﬁdl that a frequency of sone |nterest will 5 be in
the mddle cell. If noise | fOl,:a@g he thr.ee cells elsgj{m S|gnal
in the mddle cell. Th| nﬂU’é’lgaFach/\Pﬁ si nce

the slot is t r ts s found
in the cell, [iﬁteﬁ cell df]mog%m as po entlal? ‘hi m\?% a rggégé%c{/ of
interest. The lmplﬁaluencxes of a frequency-hopped carrier.

10 31 A method of soft decoding the plurality of interleaved
redundant groups of encoded bits of digital data generated in the Iast step of
claim 30, comprising the steps of

receiving each of the series of hop frequencies of the
frequency-hopped carrier, each hop frequency containing one of the plurality

15  of interleaved redundant groups of encoded bits of digjtal data: |

- determining the signal to noise ratio of each of the hop
frequencies;
de-interleaving the interleaved redundant groups of encoded bits
of digital data to re-produce the plurality of redundant groups of encoded bits

20 of digital data; |

tabulating individual bits of the redundant groups of encoded
bits of digital data to produce table of a plurality of values repr&senﬁng the
individual groups;

weighting each enfry in the table of the plurality of values

25 representing the individual groups by the signal to noise ratio of each of the
hop frequencies to which each individual bit corresponds to produce weighted
values for each of the individual bits; and

decoding the digital value of each of the weighted values for
each of the individual bits.

30
32. A double loop, limited range locking phase lock loop, comprising;

reference means for generating a reference frequency;
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that are tagged as a result of the noving w ndow plus slot indicate a

| ocated 10 frequency. In sone situations, two adjacent cells wll pass the
t hreshol d. This is because the frequency of interest did not lie within the
center of a 200 hertz cell. When this happens, part of the enegywrl| appear
in one cell toward the wall of the cell or the side of the cell and the
remai ni ng energy 15 will appear next ta9he adj acent wal | of the

nei ghboring cell. To deternmine if a frequency is of interest when spl i t

bet ween two cell's, an acufrelledrescillatasaueansdpr genseitiagiagumawshangd sapter or ned.

| nt er pol atio?i IS _an approxinmate nmethod to find where the frequency lies

bet ween t he jyacent cells. The signals once again are 20 taken over
an integration period @rst4thass ldckedipdaecdns cdateeted toehenefireriddendahgquency
drift or phase drift of the frequency of interest is fromcenter to center.
It is |.ke|yf@mgﬁnera&@gfar%wmcymm sh is split between two

cells is the result of 19%1}5 &;\@; Iﬂ-‘gs By conpari ng
t he sequengtll al 40 mllise om? i'nfegation res fhidt e ﬁ&r?ge&l’pn t he 25
frequency phassans ahdiiic mﬁgﬁabbszﬂlaernnansﬁr\gmmmbeatﬁeqmuyy phaser

pl ot, can be viewed by conparin uential 40 MIL.Ilisecqgnd  deviations
o ot o t he. GPEFELCE: el Fin a0 tadhe FRSS SqmFestiany sigagl ped e e
information il wbr%n %qg% f requency W|th| n each hop and how
that frequency T's QI I'ng bet'ween t e 40 mllisecond non-coheret
integration intervals. s&znnﬂ@ham Tohkad baphnwnstcbmed@dm theirsfeoamoel i nt egr ati on

peri ods, " e%Ixs 5&? the' %Jp%ﬁ‘s’éx? feans for geverating the narrow-band carrier

frequencies in response to the beat frequency correction signal.

33, A two-way paging system for use in an existing licensed paging

frequency allocation, comprising:
15 a base station having a conventional paging transmitter

operating within a licensed bandwidth and power limitations and including
means for sending time-of-day synchronization information as part of the
paging data stream and baving a frequency-hopping spread spectrum receiver
for receiving and decoding a plurality of low power frequency-hopped spread
20  spectrum signals; |
a phurality of remote units, each being a member of only one of
a plurality of unique groups, each remote unit comprising:
means for receiving standard paging signals containing a unique
. address of the remote unit, a message to be conveyed and the time-of-
25 day synchronization information;
means for comparing the time-of-day synchronization
information to a local calendar-clock;
means for stoﬂng an adjustment to the local calendar clock;
means for selecting a transmission code from a look-up table
30 based on the synchronization information and the adjustment to the
local calendar clock, the transmission code being used to select a

AR



wi |l apfiear in the center of the 200 hertz bins and sonme will appear split
bet ween adjacent bins. By viewing the 40 mllisecond integration periods in
38 vVich the frequencies appear in the center of the bin, the fiqgecy can be
determned for the other 40 mllisecond integration periods in which the
energy shoul d appear between bins based on the known phase drift of the
signal. Thus, by know ng the approxmate fiéﬁhency of interest, and having 5
the known drift of that frequency, the drift rate of this frequency S
known The drift rate {Higyeipatigm qfé&%\ﬁ%%}%ﬁeéé{l athW%ﬁd @Y t he 200

hertz bins. The phase ‘l"%&%&ﬁ% saved I n
mentny as the result gg&ﬁins % l(ﬁ[éess e ac ua phase™drift of a
agansm t'éle;j f requtencyt can lhmaﬁpfdraratﬁxmﬁaggr equoss;erﬁeqlﬁnwhepped
second transmit interval a ck e rom t he. renot ager, as
illustrated in Fig. 15PecEymk ﬁ%ﬁﬂ’@‘a’k M%ﬁpﬂnm«a fo ag se of
the signal cary be det gpiigg &8%19@15? M@%&%&g&ﬁ@rl@@&'sﬁ&
corr

acknow edgnent nessage. Ther'efor ction can b de and accurate

phase i nformati on canhbalsmgo ﬂ:emwmonhenoihm@lmdthw@d\mdudmgﬁ t he
presence of phase drift: of. the un Wth hi s hase drift
I nformation, the phaseh Bartgﬁ 5@?@&‘?@% TGS BwWn bit s
such that coHisions bctween other remote units of other groups is
avoided through the use of an orthogonal set of selected frequencies
10 and patterns. |

34.  The reverse paging system according to claim 1 wherein the reverse
paging terminal has means for automatically returning an acknowledgement
telephone call corresponding to the receiving telephone call to acknowledge

15 the receipt or non-receipt of the message by the reverse pager on the
telephone means.

35.  The reverse paging system according to claim 1 wherein the Jocal
paging terminal transmits the paging message as digital data according to the
20 POCSAG standard.

36. - The reverse paging system according to claim 1 wherein the reverse
paging terminal has means for dynamically changing a pagers group
membership such that if one group is experiencing a large number of

25  collisions due to simultaneous transmissions, the reverse paging terminal may
re-allocate some of the pagers within that group to other groups so that
collisions are minimized. '
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:contaiqing actual information, not preanble, can be predicted. The phase
-drift is typically linear, so predicted phase drift will be known 20

Bi t. Extracti on Now bl at the phase drift is known, and the-freei esqof
interest are located using fast Fourier transform the actual phase

I nf ormat on of i ndivi dual bits of mterem are extract, as described in Fig
18. This is done using Si nce the
fregies 25 of interest Fourl er
Transform across a broad speommmmmmmmmmswmr ansform "' whi ch
typicall'y requires nuch more processiABSTRAET t han an FF, |s used on a
narrow bandw dth. The DP| analy t he fre uenci es n e.frequencies
| ocat ed using the FF1 Mﬁ‘fg cqig BSkHzbancl -
I he DFT is 30 waki a9k @kt agﬁ@/ bins in
a 75 kHz 18 kHz band tﬂ% descr i beg) abov%&ﬂgﬁceﬁlgrwﬁ‘l?l@% f.e%"gncy of
the curent hopcostlamnuﬁcmrmd low poven Dpemptice sdule stillenghlingdhof the bit of

shown | n T3l esnOpirdnat Bagii Sy 13 dignes o ph BB BeeL peEREt ii cn
fol lows the 15gystem consists of a standard paging transrmtter and a plurality of remote
paging units which respond to a page using frequency-hopped spread-spectrum
differential bi-phase shift keying commmunications. The plurality of pagers are
assigned to groups with each group being assigned a separate starting location
10 in a common, repeating pseudo-random noise code which determines the

frequency hops. The grouping of pagers minimizes the collisions of
acknowledgment transmissions between groups and the enables a large
-number of paging units to operate within a single geographic area. The
pagers include a special double loop PLL synthesizer to produce an accurate
15 nparmrow band frequency and to change or hop frequencies in a rapid fashion.
The base receiving unit employs special algorithms for refrieving vety low
power acknowledgement paging messages in a noisy environment by using
data fedmdaxicy, data interleaving, soft decoding and error correction codes to '
strip the bi-phase-modulated, frequency-hopped spread-spectrum digital data
20  transmitted from the remote pocket pagers. A history of the frequency and
phase drift is used during reception of the acknowledgement messages to
predict the phase and frequency drift of the encoded digital information to
further reduce decoding error. Signal to noise ratios are determined for each
frequency hop and relatively noisy hops are discarded or minimized in a soft
25  decoding process based redundancy of data bits.
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5 mllisecond guard tinme of an individual hop. After the preanble
detecti‘on, the actual infonmation of the nessage nust be decoded by
cofparing the phase of the frequencies of the bits of each hop to the
reference bit. Thus, it is of paranount inportance tiat the accurate phase
of the reference bit be deternined To {1fi§@e that the accurate phase of the
reference bit has been 10 .determ ned, the phase drift of the signal nust
be known and a predictor nust also be used to predict the shifting of the
phase for each subsequent bit after the reference bit to insure an accurate
conparison of the reference bit i.e., bit one of one hop, to the 32nd bit
of that hop. Phase drift could be occuring during a single hop such that

t he phase of the 32nd bit of that hgp y have 15 altered to the point of

gi ving inaccurate conparison to theJ&&rence bit Thus the phase predictor
is used to conensate for th phase dgjﬁi;and insure accurate decoding of the’
DPBSK Drift Prediction 20 The prediction of the drift of the
frequency transmtted by the reverse pager is baged on the history of the
preambl e and the history of the curgegi gnd prevgous héps bei ng decoded by
the DFT. The drift in frequency is gd by th§ follbmnng formul az AP=2 AF
XxT 25 where ATYis the phase drift 4nd g¢||s t he 5haﬁge in frequency over
time. So, over a 5 mllisecogd int:rv.-ggmhere ﬁé&hﬁtf hereis a change in
frequency AF, which is diffi®xat f 2t io, thggeH@ ?ANLphase change
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Figure, 16 shows the phasers indicating accurately decoded firquencies
during°the bit tines of a hop. The shift in fiequency is shown by 30 a
drift between the decoded phasers of Figure 16. For exanple, a 10 degree
phase off the predicted zero degree normcan accurately be decoded as a
zero bit Over the course of the nessagg/1t ge Beto bit may drift through
zero 40 degrees to appear as a 350 degree phaser. In a simlar fashion,
during one bit of a hop, 170 degree phaser may be decoded hile in a
subsegent hop a 190 degree phase may be decoded as conpared to the

ref erence phase of the reference bit of tha hop. By evaluating the .
differential phase referenced to 5 zero and 180 degrees, the phase drift
is evaluated during the period of one hop. If it is known that the average
drift over one hop is 10 degrees then AT can be predicted for each
individual 5 mllisecond bit of the hop. This provides a Geostxiwodry on fqorzo
each bit based on a prediction of the phase shift and acdaieitce d coq ng of
the bits durimg the transm ssion as shown at 1803 in Fig. 10 188 i s
exanpl e, a 240 degree phase shift is dec for a particul ar bis

be difficult to determine if that deg [ [

Locat
5 Terminal /
( . — —
\ 4 vgxr
< Paging HUB ‘ .
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44 16 < i
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error is not the difference between 240 degrees and 180 degrees, but the
error 15 is the difference between 240 degrees and the predicted phase
baséd on the drift off 180 degrees. In this fashion, nore accurate

predi ction of phase and mnim zation of error of decoding of bits is
acconplished. The drift over a period @/4ep seconds, the nominal tine of a
single transm ssion of a reverse pager, is at the nost on the order of 15
hertz 20 In a 200 hertz cell fromthe FFl, this translates to an error of
at the nost, 90 degrees over the entire interval of the tansssion o
however, the DSP/F® U@ ai ng between hops, a nuch greater d¥ift may agcur
fromhop to hop. {Wth tie prediction and correction to the pFedictios §
the DFT, this predi B of frequency §§§ft is appllcable be en hofsy

since the sa 2% i@ ator sufferin he sane drift |s usgdmfor tHen

different fregni és g different ho Thus the pre

carri ed betvieeg ho n@ used fairly aqgjuatelleo ecede th'§%|ts a§%°howm
at 1804 in Fig 4 I?Sﬁcgflence Factor 3 a Mter the Bl t sy ave
been decoded accnr@h i the known pha drift,\\1eoc nfldegﬁé,ﬁhatutﬁe
bit is a zro or jgxt det eni ned. descri beal"gb [ §r§ ang N0
outer-codi ng of fhe nes¢nge is perfornqg)te 41 m _ 8}423 o:;
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mnimzeg the bit error rate. Interleaving is also acconplished to m nimze
the conplete |oss of information due to a noise burst Thus, de-interleaving
.1's acconplished to deteimne the conrect bit values in the presence of

noi se as shown at 1805 in Fig. 18. 5 . Actual bit decisions are
performed using a soft-decision algorit§fphfag shown at 1805 of Fig. 18. The
i nner-coding and inter-|eaving schenme places a copy of each bit in eight
difflrent hops, thus providing frequency diversity. The nmethod to do a soft
decision is to base each bit decision, that is a decision as to whether the
bit is a one or zero, based on a 10 weighted average over the eight copies
of each bit. The coefficient weighting a specific copy is a reciprocal of
the signal-to-noise ratio in the relevant hop. The interleaving format
shown in Table 2 allows for the duplhfation of the 33 bits of each hop. As
shown in Table 2, a 64-bit data- IS d|V|ded into 32- bit data parcels
and a reference bit i 9 fN] Lo make g15 up,a 33-bit hop. Each of the
32-bit data parcels ig 4} nt er | eaged mf@n ABABTfm as shown in Table
2. Thus, each data bi each pgrged is duplicated eight tinmes. qThe
signal -to-noise r&io for,e8cH Bop as described above. In _
addition, there is~re( i phas&fﬁﬁeéac r for each hop which 20

i ndi cates the phase d X1 0ss aLS|ngIe hop for a single frequency.
However, due to noise™T

s ny%;hd is ofte the case that there is a
plurality of non- |inear gval ues f Qg\g:zielof;he i ndi vidual bits in one

hop instead of a
3
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~constant phase drift The plurality of irdividual values is indicated by a

~pluralfty of "XJs" at 1601 and 1602 in Figure 16. If a single value for the
25+, phase is decoded fbr a single hop, there is very little noise. However,
if there are a plurality of values such as that shown in Figure 16, there
is sonme noise obsuring the received si§pglQ By deterining the standard
deviation of the differential hop phases 1601 and 1602 there is a good .
eval uation as to what the signal-to-tnterference ratio is. Interference
does not rnix very well with 30 the signal and will -cause a | arge nunber
of decoded plrase val ues for a single hop. Thus,Athe standard devi ati on of
t he val ue of e phase around zero and around 180 degrees gives an
eval uation for dthte signal-to-interfwence ratio of a 42 simngl e hop. The
st andard devirgg®Rn of the values yecei veg for a[single hop is the weighting
factor used tg i the val ility of flthe bits received during a

single hop. &gtk I nner §§coding [eXr]X)One Frequency Hop 10 Hop
Decoded Bit R&##§S/ N Wi ght ResuL{ 15
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8 . +8 3 1 3 +3 4

o - 1 -1 20 5 1 9

+9 6 .1 2 +2 7 1

10 +10 8 0 6/19 2 -2 25

+39 Confidence: 39480 that a ONE was decoded 30 Table 4 ﬂgoms t he wei ghting
of the eight inter 'HWfﬁﬁg" r efifese g W28 npte BIH© 0ss a plurality -

of hops. The val uesohos..t.hgibits are Qﬁned basedepn a wei ghting det erm ned
frfom t he standard dgV,Akd of the 1ndNy dual hop e, Bpif the standard
devi ation for an i pdisvi hop is very | ow, esgonfPgence that the
bits have been accuratefy decoded for that h ngy be ten éon a scale of one
to ten where 10 has tHe hi ghest confidence of cokrect decoding. If,

however, the standap deviation is quite |arge for~he received decoded

phases for that individual hop, the weighting factor be one. To
i ncrease the conyl dence of the received nessage, the werghting is 40 used
to renove decogéd bit values that are too |low in value and ite possibly
decoded in ergor. In this fashion, only the high-confidence bi are
S FRAME 0 | FRAME 1 {FRAME 2 [FRAME 3 [FRAME ¢ | FRAME 5 {FRAME 6 {FRAME 7
U] L]
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urTs WORQ
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used to Beterm ne the accurate decoding of an individual bit. 43

Fi nat Ly, the soft decoded bits are inner-decoded using the reverse BCH
30/63 algarithmto extract the actual data bits as shown at 1806 of Fig.

18. 5 Renot e Reverse Pager Figure 19 is a bl ock

di agram of the rermte reverse pager usejfghe preferred enbodi nent of the
present invention The paging receiver 1901 is of a standard design well
known to those skilled in the industry. The pagi ng receiver receives
digital paging information either in the POCSAG 10 format, ERVES fornat,
FLEX format or other industry standard formats. The pagi ng receiver down
converts the paging signal fromantenna 1902 and provi des the POCSAG dat a
to the mcrocontroller 1903. Mcrocontroller 1903 controls the entire
renote pager shown in Figure 19 and is in the preferred enbodi nent Mtorol a
Part No. 68HCO5B6. Attached to m crocontroller 1903 15 is a keyboard and
di splay 1904 for displaying nessages, nenu options for acknow edgenent,

status and the like and limted nunmber of keys
for entering information and¥g&gﬁ§§f§&K§§§ﬁk$ﬁ%.s.ons. Essential to the

proper oper atX)f t he rev§pag ng sy5§5 5

Y02 - '3::3 MHz SP~ Sp % * Y02-928 MH= Splgp
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the abtdity of the individual reverse pagers to produce extrenely narrow 20
frequencies within-a limted accuracy of the needed frequency to transmt

t hé»acknow edgerment signals using DBPSK to the paging terminal 16. As
descri bed above, each frequency hop is allocated 7.5 kil ohertz channel
bandwi dth within the frequency list. T8¢1{a@tual frequency transmtted by
the renote reverse pager Figure 19 nust lie within that band to be properly
25 decoded, however, in order to allow for collision avoi dance between '
multiply transmtting pagers of the sanme group, the |location of the narrow
band frequency wthin the 7.5 kilohertz channel does not have to lie at the
dead center. In fact, the inaccuracy of the |ocation of thg}exact frequency
wi hin the 7.5 kilohertz channel transmitted by the reversejif enot e.pager
Figure 19 is 30 encouraged to be off center so that nuitplg transnlttlng
pagers w thin g‘wvsane group can be distinguiShed,_ For exafgple, . statistical
di stribution off Treasrissoy transnmitting reverse renpbe pager (g &ggh&he sanme
group woul d al ik mmm44 E.pRer decodlng of \si mul t aneow ﬁ Ag@saas | ong as
t he narr.ow bang :
the transitti ng
al gorithms usegl i
col i sions of &

Control Sense &
10.625 MHz 20 msec pulse

Reference ) +

INDOOR
BASE
STATION
EQUIPMENT

AC Power

Full Duplex
RS-232
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5 trarfsmtting pagers within a single group can be avoided. A key to .
ensuring that the transmtted frequency is extrenely narrow and lies within
the»sel ected 7.5 kilohertz channel frequency of the sel ected hop, a special
doubl e | oop phase | ock |oop digital synthesizer is shown in Figure 19.
Because differential bi-phase shift kegi/qggis required for 10
transm ssi on, phase noise of the generated-frequency nust be kept to a
mninmum In addition, the lock tine of the PLL qyst be fast to allow rapid
hoppi ng bet ween frequenC|es The new hop frequency S 6¥ ed by the doubl e
| oop PLL nust settle and generate a clean, narrowiskirt frequency within
the 15 m.lisecond guard band shown in Table 3 fod a single frequency hop.
The 15 phase noise of the frequency transmtted dcross a single hop for
the 32 bits plus reference bit nust be kept at a fininmumto ensure proper
decoding of the [err] phase shift between bits in 'cating digital zero and
one. To ensure proper |lock and stabiliza % % p frequency, the
~doubl e 1 oop PLL nmust lock in|less than/5 ﬁlll . T% jreet t hese 20
requi rements, the double |oop PLEgEQ®WR 1) Figpr Ip i %eC|aIIy desi gned
to hop and | ock a 900 megaertz carsdaer wttin a frequency range.
Tests have shown t hat tﬁ“ﬁhase NnOsgeor eq |renentfof -80 dbc/hertz at 1
kilohertz fromcarrier Or =90 dbchimskesizial 5 kil affertz fromcarrier
producing a narrow bang freguenc I's | ess ¥h&n 200 _hertz wide. The
double PLL 25 | oop design g " in ¥igure 19 addg/ 23 %o the phase

noi se, which is acceptabl e. " Power .‘Y _
| Divider Gam Possl
Fiter | _—~ 9073
a ‘ JT
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The dotbl e phase | ock | oop synthesizer (DPLL) shown in Figure 19 and
general ly diagranmmed in Figure 20 includes an inner |oop PLL, PLL1 1950
(shewn in a dashed box of Figure 19) which provides a frequency 30 of

[err] a down converter 1952, which converts the output frequency to [err]
and a second PLL (PLL2) 1951 which | oty P89 [err] and controls the VCO 1908
whi ch provides [err] Note that the frequencies shown in the exanple 45
illustration of Figure 20 are by way of exanple only and not by way of
limtation This DPLL design reduces the noise of the output frequency
substantially. In general, PLL1 1950 generates a coarse resol ution
frequency 5 so that the division ratio is low PLLZ 1951 |ocks on the |ow

frequency Iso o proyide a | ow éatlo A band pass filter- 1,%16 IS
provi ded tg> ct th lg1 freq pf% iﬁé | eaks back through the m

1912. A si ng . rregahghtz referenced1905 having an accuracy of 3 parps
per mllion {s used as e sane reference frequency for both PLL1 and PLL2.
10 The doubl e | oop PLL design in Figure 13@@? udes two

synt hesi zer thips for each PlAfo@&gnt hesizer chip 1913 L1 is in th

preferred enpodinent _a 1. 1Qi gahertz PLL frequen Fart
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MC145199 avail abl e from Motorol a Sem conduct ors, Phoeni x, Arizona This
frequency synthesi zer, referenced to the 9.6 negahertz reference frequency
15 "1905, generates a local oscillator signal of approximtely 860
megahertz. This PLL synthesizér chip 1918 produces a | ocked stabl e out put
signal which is low pass filtered to drbddd® a variable voltage to control
vol tage control oscillator 1915. VCO 1915 is in the preferred enbodi nent,
Part No. MX505-900 operating at approx&ﬂgtg1y 860 negahertz and avaLIabIe
from20 Mirata of Tokyo, Japan. The feedback through ser}sre—-&94:-4-—I~@eez|s,)sn~
synt hesi zer chip 1918 st hhs;to produceja stable flxed %ytput which is the

coarse frequency—c > S C
fine control frwquency PLL2 Iudes nthe5|zer chip 1906 mh|?£ i's

d}?gés @tﬁﬂéggéﬁf nvion, Part No. MC 1EH170
of Phoeni x, Arlzona ThIS |s aa'LL

in the preferred enmbodi ment
avai |l abl e fro[1-toro|a Sen1conductor
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46 the,coarse frequency, the output frequency in the 900 negahertz band irs
-produced with very little phase noise, very little phase jitter and
extorenely narrow noi se skirt The output of synthesizer chip 1906 is | ow
pass filtered to 5 produce a variable DC voltage to control VCO 1908.
Vol t age control oscillator 1908 is infpPhel @referred enbodi nent Part No.
MJC309- 964 operating within the 900 Jreg hertz band to provide the final

out put frequency. The out put frequenﬁ? qé/ycpam908 is sensed from sense
1909 as one input to m xer 1912. The frequency adjustnment from PLL

of 10 approximately 860 negahertz is with the final output frequency
by m xer 1912 to produce a down conv I ne adj ust ment frequency within
down converter 1952. The fine adjust ency is band pass Al I}grp@mth
an SAW band pass filter with a center equency of approxi nyg y 38

megahertz Band pass filter 1916 is in the freterre podi neAl Part No. 15
SAF38. 9MZR8(Z al so avail abl e ,from Murata of Tokyo, Jappn. The¢ output from
band pass filter 1916 is the [err] fr cy used for the fine Trequenty
control of synthesizer chip 1906. In hpan, the fegqg@c_lé careful ly
controls the output [err] of synthesiz E 1906 topren curate
frequency reproduction exactl ypmr_near. hf-" r‘pnfnr of pAee l"@w red hpp
20 msec Puls > 68HCOSB6
frequency. msec Pulse Ir m}
XTYAL /[9‘0 Itﬁlica.mzs
e | BPE
JL
9.6 MHz !
Synth. :
s.p.o‘{ C{?ltrol +
1310
2nd LO

ADC Clocks Stereo Analog To Digital Converter
(clock & convert) (BURR-BROWN, PCMI750) ADC Serial
Data (SOUTR
P & SOUTL)
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The ougput of VCO 1908 of PLL2 1951 is mixed with the BPSK nodul ation dat a
through m xer 1910. The BPSK nodul ation data is output from m crocontroller
1903 to adjust the phase of the final output carrier frequency in mxer
1910. The final output frequency is buffered by a 25 1 watt power
anplifier 1911 and transmtted by antgmya{ip2l. DPLL Frequency Sel ection
The DPLL design shown in Fig. 19 operates to synthesize accurate narrow
frequenci es by using a beat frequency generated as a result of 30 m xng the
outputs of PLL1 and PLL2 as the ,error signal for PLL2. The sel ected out put
frequency from VCO 1908 is def i ned by the out puMojiter equenc {%fgn1

synt hesi zer chpﬁ %9 e turn is determ ned bythe / I vision of
the 9.6 Mtz refgl gc by the beat frequenc odgceg, yyni xer
1921. Synt hesizer 1951 br 0 '

on a nodulo division o e beat frequency tqg accurajg e ]

jramed to selecft the
frequency selected by controller 1903. The r&ul ti ngf ™ equency 5 hasyec

resol ution of 7. Hz PLL1 Joperates wijt hj a resol ufijon of 480y Hz det%ﬁﬁ%ned
by dividing the 0}6 NP0 reflef BRR¥RAMedquepcHDBY 20{ |PLDRARDPer@t es Wwi B a
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"kesol ufi on of 37.5 kHz determ ned by dividing the 9.6 MHz reference
ffrequency by 256. The output frequency [err] is conputed as follows: 10
[ef?] where [err] [err] and where [err] are parameters of PLLI, 15 and
where [err] are paraneters of PLL2, and where N is the synthesizer divisor
for the internal PLL for dividing the Qtlrg frequency and Mis the
synt hesi zer divisor for the internaljéL or dividing the reference
frequency. 20 A Aternate Applications The preséent
reverse paging systemis easily adapt
| ow data rate transm ssions are requ( ed. Far_exanple, location of an
injured or mssing individual or tragking the l'ocagggprof an individual
coul d be acconplished by placing the p%gb ip autd- 25 acknow edge node
t fe /ba
us

ed to applications where | ow power,

where the pager continuously updates 2 Jstathon: In this application,
the transmt RF energy could al so be T te the person by tracking -

t he conti nuous acknow edgenent energy fyomt ager. The present invention
may al so be used as a nedical alert deyife, St ty@méo the tracking '
application described above, a person eed 30 of assistance may be
| ocated To facilitate the | ocation ? person in need of

o

-~

@
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i
7
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medi cafe attention, the pager would

need to continuously transmt or

perjodically transmt quite [err] To ensure non-interference or collisions

48 “wi th other pagers with the grou
medi cal alert pager to its own gro
used in a polling node where respo
By connecting the 5
exanpl e, the base station would po
usage. Al so,

renote units to performmnonitoring of utilities,

p, the base station would nove the active
up. The present invention may al so be
nseq{if/4@omati c and not user generated.
for

|l the renpte units to report utility

renote nonitoring of vending nmachines to provide accounting

and status is an anticipated appli@&tion of the present technol ogy. 10

CONCLUSI ON Al t hough 'specific
described herein, it will be ap
art that any arrangenment which ils
may be substituted for the speci
intended 15 to cover any adapta

invention. Therefore, it is
limted only by the clains agd the
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49 LQW PONER FREQUENCY HOPPED SPREAD SPECTRUM ACKNOW.EDGEMENT PAGQ NG SYSTEM

- WHAT 1S CLAMED IS 1. A reverse pagi ng system corrprl sing: a | ocal

~ ‘pagi ng ternminal having a tel ephone connection for 5 receiving a tel ephone
call with a paging nessage, and encodi ng the pagi ng nessage; a pagi ng
antenna connected to the | ocal pagi ngm nal operable for transm ssion of
t he pagi ng nessage correspondl ng to g]ue address; 10° . a
plurality of reverse pagers di vrucu Tt oo pturatttyy of groups,  each pager
corresponding to the unique a a&mg Branswgt ér for
transmtting an acknow edgerrent S|%na g%nqa Fre uertey- hopped spread
spectrumcarrier the frequencies b ected by {a repeating
pseudo-random code sequence, each of saj d groups being assigned to a
different non- 15 overlapping [err] segnent on the code sequence such that
t he pages of each of said gro jquenci es; at | east one

reverse pagi ng term nal havin i gF&nt
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for receiving the acknow edgenent signai

spe&trumcarrier.

on a frequency-hopped spread

. 20 2. The reverse paging systemaccording to claim1l
;. Werein the reverse paging ternina

is capable of servicing a plurality of

feverse pagers corresponding to a plurality of independently operating

| ocal paging termnals. 25 3.
claim1l wherein the |ocal pagi

transmtting towers S|nultaneously transnitting the pagi ng message.
The reverse pagi ng system accordi

pagi ng term nal |ncluges Hur
recei ving the ackowledg

carrier to cover a

TS

enﬁ% Si
agéégrmbh$édéﬁéa

erse pagi ng systemaccording to
ng ﬁgfﬁﬁgi includes a plurality of
4.
L1 wherein the reverse 30
ving antennas each for -
huehf94 hopped spread spectrum
507 5 The reverse paging -

ce
on afre

alt;

gnal

system accordi ng to {cl Jherein~the reverse paging termnal includes a
plurality of base statio eac orresponding to one of the plurality of
receiving antennas, the plurality of base stations being networked together
for receiving the ackngmdggggngng signal on a frequency- 5 hopped spread
spectrumcarrier to [cover a, 'ede gg\pRraqjlir aree%?oj\
eacﬁ \Cfe{vm«:\cj L‘OIO -
4 . _
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6. ¢Jhe reverse paging systemaccording to claim5 wherein each of the
~p|u&allty of base stations includes of plurality of decoding pipelines for
si4tul t aneous decoding of a plurality of the acknow edgenment signal. 10 7.
The reverse pagi ng systemaccording to cim 1 wherein the reverse pager
further includes: a radio receiver coh@fct9d to a receiving antenna for

recei ving the pagi ng nessage; 15 control neans connected to the

radi o recei ver and operable for continually nonitoring a repeating

pseudo-random code sequence, %ﬁd for selecting a frequency hoppi ng sequence
-ar.gndom code sequence; input heans

based upon the rep L \gipseu
up=s | '

connected to the cofiy}

2

akkieeei vi ng 20 acknow edgenent i nf or mati on
to be transmtted; sa&&' $¥Ymeans connected to the control neans
for producing a sefwes fr ies for the frequency-hopped spread spectrum
carrier, selected in respons® to the repeating pseudo-random code sequence,;
nndulation means connected to the carrler gene atlgg nmeans and the 25

i nput nmeans for nodul ating the infornmati ogeeant fequency hopped spread
spectrunlcarrlegfgg fransmsshef by tre&PWﬁhs itter. 8. The reverse

pagi ng system a comdkng to dlLaim7 whefein die mhereln the nodul ati on neans

of the reverse pag@f1¥®her| i ncl udes - phageo!
) / _ 1902
(QOB : [
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30 shi#ft keying nodul ation of the frequency-hopped spread spectrum
carrer. - 51 9. The reverse pagi ng system according to claim38 wherein
thé control means of the reverse pager further includes a |local cal endar
clock to keep the tinme of day and an 3B£?it for the |ocal cal endar clock,
wherein the control means is further e for periodically receiving
accurate synchronization 5 signals fromthe |ocal paging termnal, and
further for updating the offset for |ocal calendar clock to ensure accurate
time of day. 10. The reverse pagi ng system according to claim9 wheréin
the control neans of the reverse pager is further operable for using the
offset and the 10 |[|ocal calendar clock to nonitor the repeating _
pseudo-random cdde sequence such that the base unit and the renote unit are
synchroni zed durdong the transm ssions of the frequency-hopped spread
spectrum carrief& 11. A reverse paging systemfor use with a base
transmtter for g5 transmtting nessages each correspondi ng to uni que
addresses, conpffising: a plurality of renpte units each corresponding to

one of the unigye addresses, each renote unit including a TEecel ver
connected tora e NL ceiving the nessages; <
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20 i nput neans for rebeiving information to be

transmitted; renote unit control means connected to the radi o receiver and

044w 08

t he i nput nmeans, and operable for continually nonitoring a repeating

pseudo-random code sequence,

‘based upon the 25

for selecting a frequency hoppi ng sequence
repeati ng pseudo-random code sequence, and

for encoding the information to be transmtted and producing therefrom
encoded information; carrier generator nmeans connected tAglEth)Brenote uni t

control nmeans for producing a series of

rrow band carrier

frequencies selected in response to the'repeating pseudo-random code

sequence; 52 nodul ati on neans connected to the carrier generating neans _
Ng tREPITFMISNIT | SHERTSEL | 80
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a base. receiver for receiving the nodul ated frequency-hopped carrier and
for denodulating the information. 10 12. The system according to claim
11 wherein the base receiver further includes neans for performng a
Fourier Transformto denodul ate the nodul ated frequency-hopped carrier
signal- in synchronization with the repeating pseudo-random code sequence.

15 13. The system according to clai m&17wherein the base receiver
further conprises: radio frequency receiving neans for receiving the
nodul at ed frequency-hopped carrier fromthe plurality of renmpte units; down
converter means connected to the radio frequency 20 receiving neans for
downconverting the nodul ated frequency- hopped carrier and for reproducing
therefromthe series of narrow band car?ﬁ?‘ uenci es in synchronization
with the repeating pseudo-random code s & decodi ng means connected to
t he down converter neans for decoding Fmacwhhmﬁﬁhtlon contained in each of
the narrow band carrier 25 frequencies; and base receiver control nean
connected to.the down converter neans and the decodi ng nmeans for sel eg
the | ocal oscillator frequenci es needed for do%ggg erthg {he nmodul g
frequency-hopped carrier. 30 14, The system

|
wherein the remote unit contro means is further BPeFhb or@

i nfornation by perfonn}?g ghe .
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steps of: 53 inputting the information to be transmtted fromthe input
means as a-.plurality of bits of digital data; encoding the bits of digital
data using an error correction code to produce a | arger nunber of encoded
bits of digital data; 5 di viding the encoded bits of digita
data into groups of encoded bits of digital data; duplicating the groups of
encoded bits of digital data to produce3d#dundant groups of encoded bits of
digital data; interleaving the redundant groups of encoded bits of digital
data 10 to produce a plurality of interleaved redundant groups of encoded
bits of digital data; and passing the plurality of interleaved redundant
groups of encoded bits of digital data representative of the information to
t he nodul ati on neans. 15 15. The system according to clainl14 wherein

t he base receiver control nmeans is furtheg_ opergble for performng the
steps of determ ning the signal to noise q%gp f each of the narrow band
carrier frequenﬂ es; N PRIOR ART .
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de-interleaving the interleaved redundant groups of encoded bits 20 of
di.gital data to re-produce the plurality of redundant groups of encoded
bits of digital data; tabulating individual bits of the redundant groups of
encoded bits of-digital data to produce table of a plurality of val ues
representing the individual groups; 25 wei ghting each entry
in the table of the plurality of val ues repfi@gsenting the individual groups
by the signal to noise ratio of each of the hop frequencies to which each

i ndi vidual bit corresponds to produce wei ghted val ues for each of the

i ndi vidual bits; and decoding the digital value of each of the weighted

val ues for 30 each of the individual bits. 54 16. The system accordi ng
to claim15 wherein the base receiver includes a plurality of *pipelines of
paral | el -operating digital signal processors for sinultaneous denodul ation
of a plurality of narrow band carrier fregencies.- 5 17. The system
according to claim 16 wherein the base receiver includes a plurality of

pi pelines of parallel-operating digital signal processors for sinultaneous
denodul ation of a plurality of narrow band carrier frequencies.
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18. The system according to claim 11l wherein the base transmtter 10
periodically transmts a synchroni zation message and the plurality of
renote units each synchronize an internal clock to the synchronization
nmessage. 19. The system according to claim 1l wherein the nmessage is a
pol i ng message and where the input neans further includes neans for
receiving input 15 froma nonitored deyyce. 20. The system according to
claim19 Wierein the nonitored device is a utility nmeter. 20 21

A base receiver for use with a reverse pagi ng system having a base
transmtter for transmtting nessages each corresponding to unique
addresses and a plurality of renote units for receiving the nessages and
transmtting information in response thereto, the base receiver conprising:
radi o frequency receiving nmeans for receiving frequency- 25 hopped
spread-spectrumradi o frequency sigﬂzT fr the plurality oforenote units;
down converter neans connected to t 8i Y frequency receiving_neans for
downconverting the frequency-hopped spread-spectrumradio i

means connected to the down converter neans for decodi ng
contained in each of the frequency hops; and GE
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55- control neans connected to the down converter means and the decodi ng
nmeans for selecting the |ocal oscillator frequencies needed for '
downconverting the frequency-hopped spread-spectrumradi o frequency
signals. 5 22. The base receiver according to claim 21 wherein the
decodi ng neans further includes neans for decodi ng phase shift keying
nodul ation of the frequency hops to produce therefroma plurality of data
bits fromeach of the frequency hops. 16753, The base receiver according
to claim22 wherein the decoding nmeans further includes nmeans for tracking
t he phase drift of the phase shift keying nodul ati on of the frequency hops
to assist in accurate decoding of the data bits fromeach of the frequency
hops. 15 24. The base receiver according to claim 22 whérein the decodi ng
means is further operable for performng the steps of determ ning the
signal to noise ratio of each of the frequency hops;
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20 ¥ de-interleaving the plurality of data bits from each of
the frequency hops; |ocating individual bits of the plurality of data bits
fromeach of the frequency hops to produce redundant groups of encoded bits
of digital data 25 tabul ati ng the redundant groups of encoded
bits of digital data to produce table of a plurality of values representing
the individual groups; weighting each entay7zin the table of the plurality
of val ues representing the individual groups by the signal to noise ratio
of each of the hop frequencies to which each individual bit corresponds to
produce wei ghted 30 values for each of the individual bits; and decodi ng
the digital value of each of the weighted values for each of the individual

bits. 56 25. A renote unit for use with a comunication system
having a base transmtter for transmitti nmessages each having a uni que
addresses each corresponding to one of lurality of the renote units and
for use with a base receiver for receivi information transmtted fromthe
renote units, the 5 renote unit conprisi@% .
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a radio receiver connected to an antenna for receiving the nessages;

-control

nmeans connected to the radi o receiver and operable for continually
nonitoring a repeating pseudo-random code sequence, and 10 for
sel ecting a frequency hoppi ng sequence based upon the repeating
pseudo-random code sequence; .input neans connected to the control neans for

recei vi ng i nf OI’ I'TB.t ion to be transmtt edg/p;ar rier gener at or neans connected

to the controf”
carrier frequ
code sequence
and t he input
nar r ow band c
hopped carrie
frequency- ho
wherein the ¢
outputting th
control neans

EI'ICI

f or produci ng a series of a narrow band
Ig.c ed i N VHPSPPAGING TRANSMISBION ng pseudo- random
nodul ati on neans connected (o the carrier genergting neans
meany for nodul aking the infBrnmation onto the seryes of a

arri er \f requenci es\to produce nmodul ated frequenc 20
[, an ransmtter ans for trapsmtting the nodu ed
bped carrier. 26. he renote it according to claim 25

Arg0Re928aeMEZEBRF SP5 \means furt hey i ncl udes90uPRMHeaRs Jhor

b narrovwg band carri ek frequenciesyselected in respon to the
referelce ans_f or\ gener at ing reference freguerels
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first phase | ocked | oop neans connected to the reference neans 30 for
generating.a course frequency correction signal; conparison neans connected
to the-first phase | ocked | oop nmeans and the out put neans for generating a
beat frequency correction signal 57 in response to the course frequency
correction signal and the narrow band carrier frequencies; and second phase
| ocked | oop neans connected to the referengg eans and the conparison neans
for generating the narrow band carrier 5 frequencies in response to the
beat fregency correction signal. 27. The renote unit according to claim
25 wherein the nodul ati on nmeans further includes neans for phase shift
keyi ng nodul ati on of the series of a narrow band carrier frequencies. 10
28. The renote unit according to claim whergin the contr6l neans
further includes a |ocal cal endar clock t 'léﬁpsfhe time of day and an
offset for the |local calendar clock wherein the control neans is further
operable for periodically receiving accuraF@W@NﬁMﬁEUHﬁﬂ&Fﬂﬁ% signals from
the base 15 transmitter and further for updating tthe of fset for | ocal

cal endar clock to
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ensure .accurate tine of day. 29. The renote unit according to claim28
wherein the. control nmeans further operable for using the offset and the

| ocal cal endar clock to nonitor 20 the repeating pseudo-random code
sequence such tHat the base unit and the renote unit is synchroni zed during
the transm ssions of the nodul ated frequency-hopped carrier. 30. A
nmet hod of transmtting | ow power frequeg&yﬁ‘nopped spread 25 spectrum dat a,
conprising the steps of inputting the d 5 to be transmtted as a plurality
of bits of digital data; encoding the bits of digital data using an error
correction schene to produce a | arger nunber of enc}if' ‘bjltﬁ of digital
data, 30 dividing the encoded bits of digital data into
groups of encosROMIGES offolPAGING datsiy22 ASYRGiupl i cating the §roups. of

encoded bits ondiegipigl d I OANEET nt groups of encodedbMSEGs
digital data; | nt!jgrllwegvi ngﬂ?Eﬁwﬁgdg%dantipﬁwoggg of encoded bits of &SRl
d

data to produce afplurality ¢f interlegv redundant groups of encodedhbits
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5 digital
plfurality of

onto a series of hop frequencies of a frequency-hopped carrier.
A met hod of soft decoding the plurality of

encoded bits of digital
conprising the steps of

the frequency-hopped carrier, oeuachwlrg&
plurality 15 of interleavedQ¥

dta and nodul ating and serially transmtting each of the
I nterl eaved redundant groups of encoded bits of digital

dat a
10 31.

i nterl eaved redundant groups of

data generated in the |ast step of claim 30,
recei ving each of tHél&eries of hop frequencies of
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decodi ng the digital value of each of the weighted values for each of the
“i=ndi vi dual bits. 30 32. A double loop, limted range | ocking phase | ock

| oop, - conmprising: reference neans for generating a reference frequency;

59 controlled oscillator neans for generating a narrow band carrier
frequency; first phase | ocked | oop neansizormected to the reference neans
for generating a course frequency OMNbtection signal; 5

conpari son neans connected to the flFrst phase | ocked | oop neans and the
controll ed oscillator neans for gengrating a beat frequency correction
signal in respon???gg t cour se fr~quency correction signal and the
narr ow band carr P enci es; af phexe | ocked | oop neans

the conparlson means for generating
requency

,y paglng systen1for € I n an
ocation, conpri sing:

1202
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15 . a base station having a conventional paging transmtter
operating wthin a |licensed bandw dth and power limtations and i ncl uding
means for sending tine-of-day synchroni zation information as part of the
pagi ng data stieam and havi ng a frequency-hoppi ng spread spectrum receiver
for receiving and decoding a plurality of |ow power frequency-hopped spread
20 spectrumsignals; a plurality of r gpge units, each being a nenber of
only one of a plurality of unique grodﬁ , each renote unit conpri sing:
means for receiving standard pagi ng signals containing a unique address of
the renote unit, a nessage to be conveyed and the tine-of- 25 day
synchroni zati on i nformati on; neans for conparing the timnme-of-day

synchroni zation information to a | ocal cal endar-clock; means for storing an

adjustnent to the local cal endar cl ; for selecting a transni ssion
code froma | ook-up table 30 d%pd t he synchroni zation
informati on and the adjustnent to the Tocal

cal endar clock the tyg@sm ssion
code being used to select a 1368 uni que pai&eﬁﬁTah.frequenci s used in a
uni que sequence used only
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within the group to which this renote unit corresponds;
‘t+ansmtting a | ow power frequency-hopped spread spectrum si gnal
the base station in response to an operator 5
| evel

being transmtted at a power
is not required and the signal

and neans for
back to
command, the signa

such that l|icensing of the transm ssion

i ncl udi ng the uni que pattern of frequencies

transmtted in the uni que sequence such that collisions between ot her
renote units of other groups is avoided j4mpugh the use of an orthogonal

set of selected frequencies 10
pagi ng system accogding t | ai
‘means for autonatif@f dgéirnﬂ
corresponding to the Teceiving t

recei pt or non-receipt of the ne
means. 35. The reverse pagi ng
| ocal paging termnal transmts

according to the 20 POCSAG st an
according to claim1l wherein the
dynam cal |y changi ng a pages gro

and patterns. 34. The reverse
1 wherein the reverse paging term nal has

an know edgenent tel ephone cal

ephone RIFtfo acknow edge 15 the

Rl ¢ reverse pager on the tel ephone
S

or'ding to claim1l wherein the
gThessage as digital data
736. reverse pagi ng system
erse paging term nal has neans for
menber ship dlich that if one group is

adi

experiencing a | arge nunber of 2
transm ssions, the reverse pagin
pagers within that group to othe

col I'1 st ons e to sinultaneous
g terminal may re-allocate sonme of the
f groups so that
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collisjons are mnim zed.
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LOW POWER FREQUENCY-HOPPED SPREAD SPECTRUM

ACKNOWLEDGEMENT PAGING SYSTEM
ABSTRACT

An acknowledgement paging system is described which fits

within the existing infrastructure of a paging network and which provides low
cost manufacture and low power operation while still enabling the
acknowledgement paging over long distances. The acknowledgement paging
system consists of a standard paging transmitter and a plurality of remote
paging units which respond to a page using ﬁ'equency%loppeﬁ spread-spectrum
differential bi-phase shift keying conmmunications. The plurality of pagers are
assigned to groups with each group being assigned a separate starting location
in a commmon, repeating pseudo-random noise code which determines the
frequency hops. The grouping of pagers minimizes the collisions of
acknowledgment transmissions between groups and the enables a large
number of paging units to operate within a single geographic area. The
pagers include a special double loop PLL synthesizer to produce an accurate
narrow band frequency and to change or hop frequencies in a rapid fashion.
"The base receiving unit employs special algorithms for retrieving Very low
power éclmowledgement paging messages in a noisy environment by using
data recumdancy, data interleaving, soft decoding and error correction codes to
strip the bi-phase-modulated, frequency-hopped spread-spectrum digital data
transmitted from the remote pocket pagers. A history of the frequency and
phase drift is used during reception of the acknowledgement messages to
predict the phase and frequency drift of the encoded digital information to
further reduce decoding error. Signal to noise ratios are determined for each
frequency hop and relatively noisy hops are discarded or minimized in a soft
decoding process based redundancy of data bits.

?igure 5 should accompany the abstract upon publication
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