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LOW-POWER FREQUENCY-HOPPED SPREAD SPECTRUM 

ACKNOWLEDGEMENT PAGING SYSTEM 

Tue present specification includes a microfiche appendix 

comprising two microfiche films containing high level programming 

instri.ictions for the present inventioz1 

FIELD OF TI-IE INVENTION 

10 Tue present invention relates generally to radio communication 

systems and in particular the present invention relates to two-way paging 

systems for acknowl~oement of a paging message. 

BACKGROUND OF 1HE INVENTION 

15 Conventional one;-way paging systems are well knovro. in the 

art. Radio paging technology generally consists of simple tone pagers with a 

tone alert, a voice pagers with a voice message, mnneric messages or an 

alpharnnneric display pagers. In a typical paging system such as that shown 

in Figure I, a caller IO places a call to a paging service provider at a paging 

20 terminal 12. The paging tenninal queues up the messages to he sent to a 

number of remote paging units 14 via paging transmitter 13 which transmits a 

strong signal to the service area where all the remote pagers reside wifu 

enough power to reasonably reach all pagers within that market Once the 

message is sent, there is no con:finnation that it was ever received. The 

25 remote paging unit may be ttnned off, interference may have prevented 

reception, bad propagation conditions such as multipath, the unit may be out 

of the geographic service area, or any mnnber of reasons may have prevented 

reception 

The messages transmitted from paging transmitter· 13 to remote 

30 pager 14 generally use the PCCSAG standard code for paging tenninals. Tue 

~AG code includes a preamble, an addr~s and a message for remote 
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pager 14. The pagers within the geographic madret area all receive the 

POCSAG codes on an assigned radio frequency and scan each mess~ for ·. 

the address assigned to the individual units. When 1he address (called a CAP 

code) is received, then the other information transmitted along with the code 

5 is recorded and displayed and the user is alerted; 

In many markets) the single paging trailsmitter 13 is incapable 

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 patterns for reception. In such 

cases, it is typical to :find a paging cormnunication system such as the system 

shown in. Figure 2. In this configuration, the caller calls through a PBX 15 

through to the paging tenninal 16 where the message is received and queued 

for transmission through VSAT 18 and uplink 19 to a geostati.oruu.y satellite 

· 15 20 for simultmieous retransmission (nrulticast) to a plurality of paging 

transmitter towers 13a, 13b and 13c. In ~ fushion, ~ entire geographic 

mark.et 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 simultaneous transmission to the 

20 plurality of paging towers. Terrestrial links may also be employed 

A block diagram of a typical pocket paging unit sUch as the 

type used with the configurations of Figmes 1 and 2 is shown in Figure 3. 

This configuration is well known to those skilled in the art and inclu4es a 

receiving antenna 21 driving a crystal controlled teceiver 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 receivers address, an audible alert may be 

sollll.ded through speaker.29. The microcontroller 26 is available in 

alphanuineric pagers to display the infonnation received on LCD display 27. 

30 AssOciate<l vvith 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 Nied or alkaline batteries. 
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An essential feature of these types of pocket remote paging 

units is the ability to- operate the receiving circuits at a very low po~ so that 

the user need not change the NiCd or alkaline 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 wony about 

frequent changing of the batteries. 

A major drawback in the use of the paging system of Figure 1 

is the inability of the caller 10 to have any confidence that the holder of 

remote pocket pager 14 has received the message and is responding. In such 

IO critical industries such as the medical field, or for maintenance and repair 

personnel, it. is. ~sential 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 aclmowledgement 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 

menu of possible responses to the callers 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 descri~ a relatively high power, wideband personal me.gsaging system 

This system is typical of early messaging systems which were inefficient both 

in power usage and bancJwidth thereby restricting their use to a relatively 

narrow mark.et. A later attempt to extend person8l two way messaging to 

25 voice pagers is taught in U.S. Patent No. 4,811,379 to Grandfield entitled 
11Speak Back Paging System". 

To alleviate the bandwidth and power limitations, more 

sophisticated two-way messaging systems have been proposed. Typical of 

these fypes of systems is the system described in U.S. Patent No. 4,825, 193 to 

30 Siwiak et al. entitled "Acknowledge Back Pager with Adaptive Variable 

Transmitter Output Power". In the Siwiak patent, an acknowledgement 

paging system is described in which the remote paging trn.it has the ability to 
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send one of a selected number of messages from a menu back to the paging 

terminal to acknowledge the receipt of the message. This system is ~er -. 

described in U.S. Patent Nos. 4,823,123, 4>875,038 and 4,891,63.7 also to 

Siwiak et al. See also U.S. Patent No. 5,142,279. 

The system of the Siwiak patents tranSmits the 

acknowledgement signal on one of a list of frequency sub-bands 

approximately centered around 150 megahertz. The transmitting paging 

terminal sends the messlioae to the acknowledgement pager of the Siwiak 

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 

frequencies, collisions between sinmltaneous-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 

limited success. The users of acknowledge.ment 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 t4e 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 reach most if not all of the geographic 

market. If enough transmit power is unavailable to reach the entire 

25 geographic market, a plurality of transmit towers are used such as that shovm 

in Figure 2. Due to the large geographic markets typically fotm.d for paging 

systems, it is difficult to transmit enough power from a bandheld or pocket­

sized acknowledgement paging unit for that acknowledgement message to be 

received at the paging terminal. Th.us, to generate enough power, either larger 

30 batteries are needed or more frequent changing of the batteries will re&tlt 

The Siwiak patent includes a variable transmit power option which conserves 

battery power by transmitting a low power signal when the signal strength of 
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the received signal from the transmit tower has a high signal strength. This 

would illclicate that the transmit tower, and itS associated receiving tower to ·. 

:feceive the acknowledgement message, is reasonably close. If, however, the 

power level of the transmit signal from the paging transmitter 13 received by 

5 . the ackri.owledgement pager is weak, that would indicate that a higher power 

transmit signal from the acknowledgement pager of the Siwiak invention 

would be needed and the transmit power is boosted This of course shortens 

the battery life of the system Even with a minimal amotmt 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 concern 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 simultaneously 

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 concern in the area of acknowledgement paging is the 

20 cost of the pager itself The ability to conserve power so that batteries do not 

have to be replaced. as often causes great constraints on the comi)onents used 
for the construction of such pagers. Once ~ the market expects a certain 

level of cost for a pocket paging unit arld acclimating that market to higher 

cost pagers will cause 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 ~ce 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 



)' . 

6 

sites of the existing paging transmitter towers is directly at odds with the 

ability to conserve batteiy power so that the batteries do not have to be 

changed. as often. This tradeoff has not been met by the paging schemes 

proposed to date and thus market acceptance of aclmowledgement paging is 

5 inhibited 

Also, due to the limited bandwidth for transmitting 

acknowledgement signals and the need for a large. number of two-way pagers 

in a single mark~ there is a need in the art for the ability to simultaneously 

transmit from pagers and receive the acknowledgment signals without 

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". Tue 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 mess~ it can 

handle, it is rigid in the time and frequency of acknowledgment transmissions 

· (entirely syri.cbronous transmit and receive protocol) and is inefficient in its 

bandwidth usage. 

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

20 outgoing messages and retmn receipt of the acknowledgement messages. U.S. 

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 semi­

automatic means but a human operator is still required to receive the paging 

information. 

25 Fot the reasons stated above, and for other reasons stated below 

which -will become apparent to those skilled in the art upon reading and 

llllderstanding the presOO.t 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. 
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Sillv1MARY OF lliE INVENTION 

The above mentioned problems with acknowledgement paging 

~d o1her problems are ~sed by the present invention and which ·will be 

llllderstood by reading and studying 1he following specific.ation An 

5 acknowledgement paging system is described which fits within the existing 

infrastructure of a paging network and which provides low CC>St manufacture 

and fow power operation while still enabling the acknowledgement paging 

over long distances. 

In particular, the present invention describes an 

10 aclmowledgement paging system in which the remote paging unit responds to 

a request using frequency-hopped spread-spectrum differential bi-phase shift 

keying commtmications. A plurality of pagers are assigned to groups with 

each group being assigned a separate starting location in a common, repeating 

pseudo-random noise code which determines the frequency hops. The 

15 grouping of pagers minimfaes the collisions of acknowledgment transmissions 

between groups and enables a large mnnber ()f 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 :frequencies in a 

rapid fashion. 

20 The present inventiOn. also describes algorithms. for retrieving 

very low power acknowledgement paging messages in a noisy environment by 

using data rechmdan.cy, data interleaving, soft decoding and error correction 

codes to strip the bi-phase-modulated, frequency-hopped spread-spectnnn 

digital data transmitted from the remote pocket pagers. A history of the 

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

messages to predict the phase and frequency chift of the encoded digital 

infonnation to finther reduce decoding error. Signal to noise ratios are 

determined :for each frequency hop and relatively noisy hops are discarded br . 
minimiz.ed in a soft decoding pr~s based redundancy of data bits. 

·. 

• 
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BRIEF DESCRIPTION OF 1HE DRAWINGS 

In the drawings, where _Jµre mnnerals refer to like COIIJP9nents ·. 

throughout the several views, 

Figure 1 desa:J.~ a prior art one-way paging system; 

5 Figure 2 describes a prior art multiple transmission toWer 

paging system; 

Figure 3 is a block diagram of a typical prior art one-way 

remote paging unit; 

Figure 4 is a high level block diagram of the acknowledgement 

10 or reverse paging system of the present invention; 

Figure 5 is a detailed block diagram of the aclmowledgement or 

reverse paging system of Figure 4; 

Figure 6 is a detailed des9J.iption of the modified POCSAG data 

format for transmitting synchronization information for the remote reverse 

15 pagers; 

20 

25 

Figure 7 is a high level bloc~ diagram of the use of a plurality 

of base stations for the present invention; 

Figure 7; 

Figure 8; 

Figure 8 is a high level block diagram of one base station of 

Figure 9 is a detailed block diagram of the RF bOx of Figure 8; 

Figure 10 is a l?lock diagram of the base station equipment of 

Figure 11 is a detailed blPck diagram of the IF to Baseband 

Converter and Digital Signal Processing Unit of Figure 10; 

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 Signal 

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; 
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Figure 16 is a phaser diagram depicting phase jitter and phase 

. noise across one frequency hop; 

Figure 17 is a high level flow chart of the preamble detection 

algorithm implemented in the DSP unit of Figure 13; 

Figure 18 is ·a high level flow chart of the message decoding 

algorithm implemented in the DSP unit of Figure 13; 

Figure 19 is a detailed block diagram of a reverse pager; and 

Figure 20 is a detailed block diagram of the double loop PLL 

frequency low phase noise synthesiz.er of Figure 19. 

DETAILED DESCRIPTION OF TIIB PREFERRED ErvfBODilvffiNT 

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 dra.willgs 

which fonn. a part hereo~ and in which is shCJWil 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 understood that other · 

20 embodiments may be utiliz.ed and 1hat structmal, logical and electrical changes 

may be made without departing from the spirit and scope of the present 

inve.rlti.ons. The following detailed description is, therefore, not to be taken in 

25 

. . 

a limiting sense, and the scope of the piesent 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 p~ system. to contact a remote aclmowledgment or reverse pager 114 as 

shown in Figure 4. Paging tenninal.112 receives the caller's message and 

queues the message with other messages to be transmitted by paging 
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transmitter 113. The power of the transmission of paging transmitter 113 is 

approximately 200 Watts which.is the same or similar to one-way paging 

systems but the radio paging signal contains additioD:fil information to support 

the acknowledgment paging system in the geographic market served The 

5 reverse pager 114 recei~ the paging connnand and can respond back to the 

paging transmitter site using radio frequency transmissions through the p~oing 

terminal to retlllll a message to caller 110. 

In a preferred embodiment of the present invention, 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 re8ponses could be made and the choice 

returned to the caller once again through an automated dialing and 

prerecorded voice messaging system fu 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 reVer8e pager system allows direct pager to pager 

comrmmication through the central paging tennina1. 

The preferred embodiments of the present invention are 

20 implemented in such a fashion as to take advantage of the existing 

infrastructure of an operational paging network. The additiorial hardware and 

computing power required to modify the paging .tenninal 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-vvay pagers within the same 

network and environment as the present invention having two-way capability. 

Total Automatic Operation 

In the preferred embodiment of the present invention, the 

30 reverse paging system enables total automatic operation without hmnan 

intervention 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 
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readily recognize that a DID line interface or POIS standard telephone 

interface could be used in place of the PBX connection. An interface ~s 
arranged between the PBX 15 and the reverse paging terminal 200 to allow 

the reverse paging terminal to retmn telephone calls in an automated fashion 

5 with prerecorded messaging to inform the caller that the remote paging 

acknowledgement had been received and, if applicable, a selection from a 

menu of choices was also received This is a totally automatic operation 

without the need for any human operator or intervention. Reverse paging 

terminal 200 is connected through the existing pagi.Dg terminal as shown in 

10 Figme 5, for automatically calling and generating pre-recorded voice messages 

to the Caller in response to the receipt of an acknowledgement signal. 

In an alternative embodiment, the reverse paging tenninal may 

be configured to service a plurality of in.dependent paging service providers. 

Each paging service provider handles its ovvn 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 

communications :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, th~ reverse 

paging terminal 200 generates a phone call back to the caller and a 
synthesized voice message is delivered. In an alternate embodiment of the 

present invention, a more sophisticated aclmowledgem.ent pager will send a 

message directly to a computer terminal via telq)hone 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 alphamnneric pager with a keypad, a complete 

message is keyed in by the holder of the pager and a complete message is 

sent back to the base station 

·. 
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Base Station Overview 

Figure 5 depicts the major components of the cen1ral office of a 

two-way paging system In the preferred embodiment of the present 

invention, all of the components of the existing paging central office are 

5 Jllflintained. In addition, hardware ·such. as the reverse paging terminal 200 is 

added and adapted to the existing infrastructure. The reverse paging terminal 

· operates to provide synchronization and me.ssaging information through the 

paging terminal to the remote pagers via uplink 19 through goo-stationary 

satellite 20. Additional hardware at the transmit and receive towers l l3a-

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 infonnation, which will be ~cribed 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 collisions 

15 between groups of pagers. 

The reverse paging terminal 200· is adapted to interfuce with 

existing paging terminal equipment such as the UnipageTM paging terminal 

equipment manufactured by Unipage™ of Desoto, Texas. This is a rack­

m01m~ bus-structured paging terminal which allows expan8ion 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 infonnation 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 
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inter.fuce ·methods that may be used to inter.fuce the preferred embodiment to 

the present invention to other types of existing paging terminal equi~. 

Base to Remote Synchronization 

5 The messages sent to the reVe!se 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 J>CX:SAG paging 

10 connmmications 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 PCX:SAG 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 Figm-e 

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 bat.ch 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 showh in line 4 while the ~sage code 

word of the second half of frame 2 is shown in line 5. Tue address code 

25 word is preceded by a digital zero followed by 18 address bits, two fim.ction 

bits and 10 check bits. The address code word is followed by an even parity 

bit The message code word _portion of the frame is preceded by a digital one 

followed by 20 message bits which are followed by IO 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 tenninal 200 and the reverse 

pagers 114 is necessary to ensure the pagers 114 are transmitting at the same 
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time 1hat the base Station 200 is listening. Syncbroni2'ati.on is also necessary 

to coordinate the division of the large number of pagers into groups sq that 

members of one group use different frequency hopping patterns from 

members of other groups. Synchroniwion of the remote reverse paging unit 

5 is accomplished by inserting a special frame into the POCSAG data wbich is 

used to syncbronire the units, as described more fully below. 

Synchronization between the reverse paging terminal and the 

remote reverse pagers is accomplished on two levels. Synchronization of the 

pagers within groups of pagers detennine where along the pseudo random 

10 noise code the frequency hops are to be followed. For example, within a 

single group of p~, all of the pagers within that group will be 

synchroniz.ed to begin transmitting at the same location in the pseudo random 

noise code list for any acknowledgement which may be required 

Synchrollization 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 

membership such 1hat if one group is experiencing a large number of 

collisions due to simultaneous transmissions, the reverse paging terminal may 

· 20 re-allocate some of the pagers within that group to new groups to minimize 

collisions. 

.. 

Another form of synchronization is required to synchronize the 

pagers to the exact times fur 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 infonnation 

are transmitted in each burst using the POCSAG fonnat. Pagers may be 

assigned to a specific frame wi1hin the transmission so that the pagers, one . 
recognizing the synchronization code word, can scan a specific frame for that 

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 
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synchronization code. The fine synchroni2ation code is a transmission of a 

· time pulse at an exact time synchronizOO. to a GPS (Global Positioning. 

System) clock to synchronize all the remote pagers fur time of transmission. 

For example, periodically during the day the reverse paging terminal will send 

5 a synchronization code within the POCSAG code word which is sent at a very 

precise time. In ord©:" to ensure that a precise time pulse is sent, the reverse 

paging terminal receives accurate time infollnation using a GPS antenna to 

receive accmate time of day information The time used to send the 

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 t};le 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 l.ts own day clock. The clock within each microprocessor is accurate down 

to a few milliseconds, but the time at which the syncbron:i2at:ion pulse occurs 

should have a reoolution much 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 devi~ can periodically realign its day 

20 clock to kno=w within a millisecond the exact time. Each microprocessor does 

not actually realign its clock but changes a clock offset within memoiy so that 

it understands .how far off its own internal clock is and can make the 

adjustment when using that clock to detennine when to start transmitting 

information using the eight frequency hopped spread spectrum signal. 

25 The synchronization pulse is only transmitted every few 

mimrtes. However, the resolution of the start of the message indicating the 

synclironization pulse is very accurate, it being transmitted at 0.090000 

seconds GPS time after a fixed time of day, such as 12:00 GMf. This GPS . 
time is accurate to ·at least within 100 nanoseconds. The GPS terminal is 

30 another card which is inserted into the Unipage™ tenninal rack to provide the 

accurate time of day infonnation to the reverse paging terminal 200 of Figure 

5. In order to ensure that the synchronization infonnation is transmitted at the 

·. 
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exact time needed by the reverse paging tenninals to synchronize their 

internal clocks, the reverse paging tenninal board inserted into the unit page 

rack nmst be able to grab the transmission bus and transmit at the required 

times. This would required that the reverse paging tenninaJ have the ·highest 

5 priority use of the bus to ensure that it has access through the paging terminal 

16 when needed 

The actual transmission of information from the reverse paging 

terminals is done using Differential Bi-Phase Shift Keying (DBPSK) 

modulation on a :frequency hopped canier. Typically a single transmission 

I 0 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 

infonnation tells the pager where along the pseudo random noise oode it 

should be synchroniz.ed far transmission of its mes~age and the fine 

15 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 is looking for that frequency at the same time. 

In operation, 200 frequencies are used and stored in a list 

mnnbered Fl through F200. For a specific message, 53 frequencies will be 

20 used to transmit the entire message. These 53 :frequencies are selected based 

on a 1,000 member pseudo-random noise code. As will be described more 

fully below, short frequency hops are preferred over long frequency hops. 

That is, :frequency ~,_are within a' certain limited bandwidth are desired 

for ease of decoding at the reverse paging terminal. Long :frequency hops, 

25 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 tennina1 to segregate the available bandwidth and to 

simultaneously decode a plurality of :frequency hopping transmissions 

30 

. 
simultaneously. 

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 
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for the end user. For example, high accuracy crystals to track the time of day 
within the microprocessor are available with an accuracy of three parts per 

million. Thus, a time drift of approximately three micro seconds per second 

or 180 microseconds in a minute is the known drift. There are also time 
5 inac.curacies which are introduced due to the time of transmission (variable 

path length) from the source from the reverse paging terminal when fue 

synchronization information is sent. By employing crystals which are cheaper 

and have an accuracy of the order 50 parts per million, the amount of time-of­

day drift normally "'."Ouldn't be tolerable. However, by using the 

I 0 synchronization information transmitted on a regular basis from the reverse 

paging terminal, the microprocessor can continually correct its own internal 

day clock so that accurate time of day measurements are always maintained. 

The microprocessor estimates fue momentary inaccuracy of the crystal by 
tracking the drift across several synchroniz.ation transmissions and 

15 . dynamically acljusts for fue :frequency drift of the crystal and the offset using 

internal offset registers for accurate time of 4ay information. 

Counters are employed within each microprocessor of the 

reverse paging unitS to compensate for the offset of fue frequency based on 

the synchronization time informatiOn. There are generally two major factors 

20 "Which affect the drift in a crystal: tempe.ratw.-e, acceleration. Most of the drift 

is due to tempe.ratw.-e, 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 call. change by 20 or 

30 degrees fabrenheit, requiriDg a time update from the GPS clock 

25 approximately every five minutes. 

Acknowledgement Message Format 

The acknowledgement signal sent from the reverse pager 144 to . 
the reverse paging terminal 200 of the base station is a sprea&spectnnn, 

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 
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transmitted are vei:y narrow and the transmission power is extremely small. 

The maxinnm peak output power of transmission from pager 114 is limited 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 transmitters as allowed by FCC 

5 regulations defined ·in 47 C.F.R §15.247, which hl hereby incorporated by 

reference. Those skilled in the art will readily recognize that other frequency 

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 

transmission is required. For example, high accuracy crystals to transmit the 

narrow bandwidth frequencies used for the frequency hopped transmissions 

are available with an accuracy of three parts per million At 900 fv1Hz, 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 6rder 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) of7.5 kI:Iz 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 

~ al~vely be allocated per channel. 

Tests on this invention have shown that by using the 

25 combination of unique fast f ourier Transform algorithms of the present 

invention, as described below, to locate and retrieve the frequency hops and 

by using a combination of unique confidence algorithms with a plurality of 

error correction ~. the receiving reverse paging terminal 200 is able to . 
pull the response infonnation 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. 
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In the preferred embodiment of the present invention, the 

acknowledgement message from pager 114 includes three parts of digital 

information First is the pager ID or the CAP code of the pager. Second, the 

phone number in BCD to which 1he message should be delivered back. The 

5 phone mnnber is sent with the paging information from the base station and it 

is sent back to 1he base station for verification such that pager 114 operates as 

a talk-back pager. The third part of information sent back to 1he base station; 

is the type of message which is going to be delivered to the caller, which is 

typically a menu choice. 

10 As shown in Table I, 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 recogniz.e that longer messages may 

be transmitted using the preferred embodiment of the present invention, and 

the messages format described here is illustrative btit not limiting. Since FCC 

15 regulations defined.in 47 C.F.R §16.247 require a mimmum of 50 frequency 

·hops, the 53 hop message format described here is considered a short message 
. . 

hop. M.iCh longer message hops to transfer more digital data is also 

implemented but not described here. Of course, those skilled in the art will 

readily recognize that shorter messages than those ~bed below are equally 

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

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

The message preamble consists only of alternating ones and_ 

rero8 to get 1he attention of the base unit receiver to begin synchronizing its . . 

FFf (Fast Fourier Transform) routines to begin pulling the message out 'of the 

25 noise. 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 

~cies ·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 synchroniz.ed time of day. 

Within a single hop (a single carrier frequency), the carrier phase is alternated 

33 times to encode the alternating one-z.ero pattern. 
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The message body follows the preamble and consists of three 
groups of data. E.ach group consists of 30 actual data bits so that the entire 

message is,. in the preferred embodiment of the present invention, 90 total data 
bits (although other bit length messages may be. ch.osen). The actual data 

5 encoded within these 90 bits is described above and may be in any convenient 

coded fonnat Those skilled in the art will readily recognize that a wide 

variety of message formats and encoding of the data bits may be used without 

departing from the spirit and scope of the present inventiort The encoding 

~bed here, however, has been proven effective in retrieving the data bits 
10 buried in background noise with a high degree of accuracy and a low actual 

error rate. 

15 

20 

TABI.E 1: l\1essage Acknowledgement Fonnat . 

Preamble is 165 bits (33 bits x 5 hops) 
Message is 512 transmitted bits 
(Message is 90 bits actual data) 

D =One Fiequency Hop 

25 Outer Message Coding 

&ch 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 encdding decreases the error rate :from ·102 

to 10-s. This encoding, documented and wderstOod 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 1hat cannot be reconstructed will cause the base to request a 

s~ transmission of the acknowledgement message. 

35 

hmer Coding and Interleaving 

The inner coding of the message will protect the integrity of the 

message with an error rate as high as 25o/o. F.ach block of 64 bits of data 
( q:>rresponding to a groups of 30 bits and earlier encoded by a standard 30,63 

·. 
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· BCH code) is split into two sub-blocks of 32 bits (sub-blocks A and B of 

Table 2), and a reference bit is added to each sub-block to assist the . 

cli:fferentlal encoding to provide a reference bit to the DBPSK decoder. The 

33 bit sub-blocks are transmitted over one frequency hop each and are 

5 replicated 8 ~so that the 64-bit block traverses 16 :frequency hops. In 

transmission, the 33 bit sulrblocks are interleaved to finther reciuce loss of 

data, as shovvn 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 message is 53 hops where each hop is 180 

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

15 

20 

25 

30 

35 

40 

... 

TABIE 2: Jnreileaving Fonnat for Sub-Hock 

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

D =One Frequency Hop 

TABIB 3: Imer Coding and Interleaving of SuJ>..~ocks 

A= first 33 bits of 1st block 
B =second 33 bits of 1st block 
C =first 33 bits of 2nd block 
D = second 33 bit:S of 2nd block 
E = first 33 bits of 3rd block 
F = second 33 bits of 3rd block 

D = One Frequency Hop 

Those skilled in the art will readily recogniz.e 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 
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Code) used in CD (Compact Disc) recording media operating either at the 

block level or at the bit level. 

Single HQp Format 

5 The acknowledgment signals are transmitted by.the reverse 

pagers 114 in a 1.5 MHz band selected from within the 902-9i8 :MHz 

spectrum The 1.5 :Mhz band is divided into 7.5 kHz channels to provide 200 

channels available in which the frequency hops can occur. Thus, each 

frequency hop is a channel 7.5 kHz Vlide in which a carrier frequency is 

10 transmitted. For example, channel one will have a :frequency Fl at 

902.000000 "tv1hz +/- 3.25 kHz, channel two will have its center carrier 

frequency at 902.007500 :tv1hz +/- 3 kbz, etc. 

&ch transmit frequency of ~h hop will thus be centered at 

the approximate mid-point of the assigned cbannel band; however, due to 

15 inaccuracies in the reverse pager circuits and reference crystals, the actual 

transmit frequencies will vary between units. If high quality aystals are used 

to accurately produce the required frequenci~ very little drift off the center 

frequency will result In the preferred embodiment of the present invention, 

low cost crystals are pmposely employed to keep the per-unit manufacturing 

20 costs down. This Will allow for a lower-cost product sold to the user vvhich 

will increase market penetration Thus, reference crystals are preferred which 

have a frequency accuracy of 3 ppm such that at 900 MHZ, the statistical ~ft 

would be approximately 2700 Hz. The Ccysmis center frequency within its 

nominal accuracy also chi.fts due to aging and temperature variations, but this 

25 drift 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 
" 

millis~d guard time preceding ·each hop is primarily a settling time for the 

oscillator circuits of the reverse pagers to allow the internal oscillator circuit 

30 to lock onto the new frequency between hops. E.ach hop is transmitted at a 

single freque.ncy in which the phase of the carrier is either at 0 degrees phase 

or 180 degrees phase in reference to the phase of the reference bit 
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imnediately following the quiet or guard time. Thus the first bit is a phase 

reference bit followed by 32 data bits exhibiting either z.ero phase shift or 180 

4egree phase shift ~ encode the data bits as DBPSK (Differential Bi-Phase 

Shift Keying). 

5 :Each bit of DBPSK is a transmission of approximately 5 

milliseconds of the hop carrier frequency either in phase with the reference bit 

transmission or 180 degrees out of phase. :Each actual bit is approximately 

4. 7 milliseconds of carrier at the hop :frequency preceded and followed by 

approximately 0.15 rnilliseconds of quiet guard band to reduce discontinuities 

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

15 

20 

25 

• 
transmission. 

15ms 
Guard 
Time 

TABLE 3: Single Frequency H>p Fonmt 

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

---------...-----.-----. 
5ms 
Ref 
Bit 

5ms Sms 
1st 2nd 
Bit Bit 

5ms 
3rd 
Bit 

5ms 
31st 
Bit 

5ms 
32nd 
Bit ________ ,.......__~ __ __.. 

Freqµency Hqpping Seqpence 

All of the reverse pagers. in the market serviced by the reverse 
' 

paging tennina1 use the same pseudo random D.Qise oode to determine 1he 

frequency hops. The pseudo random noise code .is a digital code which is 

repeating after approximately 1,000 unique codes. In 1he preferred 

30 embodiment of the present invention, the pseudo ~dom 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 _ 
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invention, 1he PN code list has 1,000 entries which repeat as a sequence. The 

control means of the reverse paging units continuously maintain a comt of the 

proper location within this list for the exact time of day. As desaibed below, 

the tme of day for all pagers in the market served by the base terminal are 

5 periodically synchronized to ensure acknowledgment messages are 

synchronized to transmit the hop frequency at the proper time and to 

synchronize the location within the PN oode list that each pag~ will use to 

tqmsmit 

Tue 1,000 member PN code list. maps to a 200 member 

10 frequency list In order to allow a large nmnber 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 freqUency detennined from a first location wifu 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 detenlline the frequencies of the 53 hops for fue p. of the 

20 first group will not overlap the sequence of fue PN code used to determine the 

frequencies of the 53 hops for the pager of the serond group.· More 

preferable, the frequencies chosen based on the non-overlapping segments ?f 
• 

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 

i& ~vided into 160 hopping sequences. The remote paging units are divided 

into 40 groups with the members of each grouj, synchronized to track the 

same I?C81ion in the PN code list The microcontroller of each pager, 

regardl~ of its group membership, continuously nms 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 
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code list Although the 53 hop sequence needed for·~ acknowledgement 

transmission may overlap the 53 hop sequence used by a pager in another 

subgroup, the tnmsmission sequences of a pager of one group is chosen to not 

overlap the 53 hop sequence used by a pager in another group. 

Base Station ~ign 

Referring once again to Fig. 5, the two-way paging system 

consists of a central station transmitting via nrultiple transmit towers l 13A-

113C located throughout the geographic market served In the preferred 

I 0 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. Tue outbound comrmmic3ti.on 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 th~ c.all may be automatically handled by automatic amwering 

machines. ·The message will be sentvia local terminal 17 to the paging 

terminal 16 through an asynchronous conmnmication line, through the VSAT 

hub 18 and then be transmitted simultaneously 1hrough antennas 113A-l 13C. 

20. The inb01md leg,. that is, the acknowledgment p3ging 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 do\vn converted, 

demodulated and error corrected. The~ are fuen transferred to the 

centtal computer with the time of arrival, the pager ID and 1he destination 

25 through the VSAT lines. The cen1ral station can then transfer the messages to 

a central management computer via RS 232 port for retmn of the 

acknowledgment to the caller. Th.e acknowledgment may consist of 

automatically dialing the caller with a voice synfuesized acknowledgment. . 
The system 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 aclmowledgments to external terminals. Those skilled in the art will 
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readily recognimd that a wide variety of acknowledgment formats may be 

effected without lnnnan intervention. 

The central station computer may consist of a network of IBM 

PC compatible computers to handle communication and sorting of messages 

5 from the plurality of base stations. The mes~ are correlated to ensure that 

plural reception of a single message by a number of base stations is 

performed to eliminate duplicate reception of messages. 

F.ach 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 omni antenna is of course the 

existing multiple 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. Tue 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 

:tv1Hz over long cable nms are theref~ avoided. 

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

The RF box converts the 900 :MHz ban.a signals into a 70 :MEJz 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. ALNA (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 helical bandpass filter 903 to cancel the image 

30 frequency noise. The filtered and amplified RF is down converted to a 70 

lv1Hz 1F frequency using a 17 dbm local oscillator mixer in order to preserve 

the systems dynamic range. The local oscillator operates at 850 MHz locked 
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to a reference of 10.625 Wfz. The 70 :Mifz IF :frequency is amplified and 

filtered by a SAW filter 906 with a bandwidth of 1.5 Mfz. 

Microcontroller 907 receives connnand and control informatioh 

through the RS-422 duplex interfuce from the indoor base station equipment 

5 shown in Fig. 8. This duplex interface is a synchronous inter:fuce clocked to 

20 millisecond pulses. To minimize command and control line interference 

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 synthesiz.er lock, OC power levels and 

10 amplifier status. The RF box is powered by 48 volt AC which is locally 

converted to the operating vol~ required 

The 7~ Wfz output is transferred to the base ~on indoor 

equipment as sh.mvn in Fig. 10. The base station indoor equipment consists of 

a complex of six: units operating under control of a base system computer 

15 1001 -which in th~ preferred embodiment of the present"invention is 

implemented as IBM PC oompatible computer with an inter.face board to 

control the other four components of the local base station. The paging 

. transmitter rack 1002 is generally implemented using standard paging 

transmitter equipment such as that manufactured by Unipage™, Motorola 

20 · NEC,. etc. The POCSAG encoder 1003 is also aVailable in the industry and is 

manufuctured by z.etron The POCSAG encoder at the base station is 

redundant if the delays of the connmmication 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 computer 1001 syncbr~ the 

25 accmate 1rnnsmit 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 PCC;AG encoder 1003 

30 the accurate synchronization messages required for syncbronizmg the remote 

paging units. 
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The IF to base band convert 1005 contains signal decoding, 

demodulating and DSP (Digital Signal Pr<>Ce$ing) circuitxy. This unit. 

receives the 70 :MHz IF signals from the RF box, demodul~ the signal to 

. baseban~ strips the digital data from the analog signal and translates the data 

5 into decoded ~ages. The decoded ~sages are passed to the base station 

computer 1001 via RS-422 synchronous connmmication line. To ensure 

accurate synchronization of infonnation received by the IF to base band 

converter 1005, a 9.6 MHz reference signal is received from base station 

computer 1001. Base station computer also supplies the ND (analog to 

10 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 tmit 

1005 is shown in a detailed blocked diagranrin Fig. 11. The 70 MHz IF 

15 down conveited signal is inputted to the IF distribution board 1101. The IF 

· distribution board is a power divider to take the 70 :Mifz IF and distribute it 

. 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 irJ. 

20 the art will readily recognize that as the volmne of massaging tI;'a;ffic 

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 configmations identical to Figure 11 to increase the 

25 capacity of the system 

The individual If to baseband converters, mnnbered 1 through 

6 (1102a-l 102f) 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 

30 the pseudo-random noise code to perform the hops. In the decoding process 

shown in Fig. 11, fue parallel to IF to baseband converters 1102 m.nnbered 1-6 

each operate for a different group of remote pager$ and track a different group 
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of frequencies hops. Preferably, the frequency hops are all performed within 

a limited bandwidth so that the hops all occur within frequencies in th~ band . 
serviced by a particular converter 1102. 

For example, but not by way of limitation, the 70 I\.1hz IF is 

5 carrying a 1.5 11hz band of individual :frequencies. IF to baseband converter 

number I tracks one 36 kHz band of :frequency hops within the 1.5 lv1Hz 

band All hops by the group of pagers within that band occur within that 

particular 36 kHz band Ideally, 40 parallel pipelines of IF to baseband 

converters 1102 could be operating sinrultaneously to each service a dedicated 

I 0 36 kHz band The actual number of parallel pipelines of IF to baseband 

converters 1102 requir¢ depends on the volume ofreverse paging traffic 

anticipated for a particular market In the preferred (_mbodiment 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 

particular group may move to .a second 36 kHz band according to the 

synchronization of the hops and the frequencies assigned to the pseudo­

random noise code. 'When this. occutS, the parallel pipeline of IF to baseband 

con:Verter 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 an.9th.er pipeline. 

The frequencies assigned to the pseudo-random noise oode are preferably 

selected to be orthogonal sets of frequencies wif.hin 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 channel is 7.5 

kHz allowing each pipeline to process four cbann.els. Each IF to baseband 

converter contains an IF strip which tracks the bopping sequence of 1he 

transmission and analyz.es four 9 kHz wide sulrbands sinrultaneously. The 9 

kHz bandwidth is selected to provide broad coverage of each 7.5 kHz channel. 

30 The IF to baseband convector of Figure 12 can track and switch individual 36 

kHz wide bands within the 1.5 f\.1Hz allocated bandwidth by changing the 

local oscillator :frequency used to downconvert the incoming signal. 
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As shown in Fig. 11, the IF distribution board 1101 distributes 

the 70 1v1Hz IF to the plurality of IF to baseband conveJ1er pipelin~. Also . 
sourced from the IF distribution board 1101 is a 9.6 Miz reference signal in 

the second local oscillator signal. These oscillators in the IF distribution 

5 board 1101 are voltage controlled crystal oscillators (VI'CXO). The 

frequency is locked to a 9.6 MHz reference signal generated by the base 

system computer 1001 based on an accurate time base from the GPS receiver 

1004 of Fig. 10 to avoid time drift. The 9.6 :MHz reference frequency is a 

very narrow bandwidth on the order of 10 hertz in order to preserve the clean 

10 phase noise skirt of the vrcxo. 
The IF to baseband converter 1002 is sho'\Vll, in detail in Fig. 

. . 

12. The 70 :MI:Iz 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 l.5 l\.1Hz band of 

70 1v1Hz IF canier to be selected for decoding by that particular pipeline. 

Mcrocontroller 1202 receives its control information as to which segment of 

the 1.5 1v1Hz band of 70 :Mfiz IF carrier to be down converted from the base 

system computer 1001. In this fushion, 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 present 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 :MHz, 

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 microconttoller 

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. 
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The first local oscillator reference :frequency is amplified by 

buffer 1206 for mixing by first local oscillator mixer 1201 with the 70_ MHz . 
IF. The first local oscillator 1201 converts the 70 l\.1Hz IF to a second IF of 

21.4 :MHz and is in the preferred embodiment a high dynamic range mixer. 

5 The output of first local oscillator mixer 1201 is to produced a second IF 

frequency to allow the use of an anti-aliasing filter with a steep shape factor. 

Th.us, bandpass filter 1208 receives the second lF from amplifier 1207 to 

provide filtering using a standard crystal filter. 

A second local oscillator 1210 is used to do"\Vll 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 sigruil is 

generated by the IF distribution board 1101. :tvJixer 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. kHzj-18 kHz baseband signal. · 

.Another anti-aliasing filter composed of a low-pass filter and high-pass filter 

in cascade 1211 is provided A fuird amplifier 1212 is provided to provide 

amplification on the order of 40db. 

The baseband selected signal is then sampled by an analog to 

20 digital converter using a 100 kilohertz sampling clock. In the preferred 

embodiment of the present invention a stereo analog digital (ND) converter, 

for example Bw:r-Brown Part No. PCM1750, connnonly used in compact disc 

audio recording technology, is used. lliis is an 18 bit AID 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~ described below. Those skilled in the art will readily 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 parallel strips of 25 kilohertz each. Two 

30 narrow-band IFs would then be sampled at a 100 kilohertz by each side of 
the stereo ND converter. 
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As shown in Fig. 11, there is a plurality of IF to baseband 

converter pipelines in the system. In order to provide maxinn.nn flexi~ility, 

each IF to baseband converter pipeline can be progrannned to operate. 

individually because of the distributed control microcontrollers 1202 

5 through.out the pipelines. The digital signal processors also utilize local 

microcontrollers to load and store the hopping strategy for 1he. individual 

pipeline. &ch 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 kilohertz (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 digiti7.ed samples of the particular 75 kHz±'ts kHz slice of the 1.5 MJz 

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-thershelf 

components, to maintain a high dynamic range with an 18-bit AID convertor 

(over 75db strong to weak signal) and tb match the processing speed and 

abilities 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 ND converters in the IF to baseband circuit 

of Fig .. 12 via line ADC SERIAL OUIPUf. 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 AID serial data is also fed 

through a fast recording interface 1307 for storage in local memory 1305. 

'Ihe serial data arrives by serial lines through interface 1304. It is multiplexed 
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by inter:fuce logic circuit 1304 and stored in RAM 1305 in batches of 5 

milliseconds of samples synchronized to the 5 millisecond clock _ 
- . 

The 5 millisecond batches correspond to I bit of a single 

frequency hop. .Each batch of data is Fourier transformed using a Fast Fourier 

5 Transform (FFI) algorithm and stored for analysis of the complete hop. In 

order to perform RADIX-2 FIT, the sampling length must be ·512 samples 

such that there is an overlap of 12 samples between two consecutive FFI's. 

Thy timing of the sampling however doe$ not equate to 512 samples since 

sampling a 5 ms frequency bit at a 100 kilohertz only provides 500 samples. 

10 The additional twelve samples are stuffed zeroes. In general, synchronization 

on a hop begins with the preamble. The DSP will load and store the 

complete hop and will then try to identify the peaks __ in the :frequency domain 

~ 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 ex1ract.ion is done only in the neighborhood of the 

frequenci~ 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 pr~sor Part No. 56002. The RAM 1303 must 

have a mininnnn depth of 32k. 

The software for controlling the processing shown in Fig. 13 is 

downloaded from the system controller Using an internal boot program well 

known to those skilled in the art. The DSP algorithms are described below in 

25 coajooction with Figs. 17 and 18. The board controller is a i960 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 100 I. 

30 The message decoding involves a soft decision algorithm for 

error correction and detection and de-interleaving of the messaging, described 

more fully below. 
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DSP Algorithms 

Refening to both Fig. 13 and Fig. 17, the digital sampl~ of . 
each five millisecond bit of the frequency hop is digitized and passed from 

the AID converter to the DSP at 1701. The 500 16-bit samples, with twelve 

5 zero-stuffed samples, represent a single bit of the biphase encoded PSK which 

will represent a single phase of the same frequency of the entire hop. The 

next set of samples may be another phase, but of the same frequency. If a 10 

kilohertz frequency is sampled, for example, there will be fifty cycles of 

frequency within the· 5 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 pezformed with a fast Fourier transform which is well known to those 

15 skilled in the art. This FFT algorithm operates at a 30 kbz bandwidth and the 

10 kbz signal, used as an example here, will lie somewhere in that band 

The FFT is done 'using 512 cells spanning from z.ero to 100 

kbz F.ach :frequency cell has a bandwidth of approximately 200 hertz in the 

frequency domain. Each 200 hertz cell will contain some energy from the 

20 spectnnn. Of the 100 khz bandwidth processed by the FFf. in DSP 1301, 

only approximately 75 kHz :t"1s 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 Oete.rmine 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 spectnnn of interest lies within a 

75 kHz j-18 kHz band such that when the average noise of the spectrum is 

detennined, 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 nrust be 

performed over more than one bit. Since the noise across a large period of 

time, that is across a number of 5 millisecond bits, is statistical, it will 
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integrate only as the square root of the number of t:i:nJe.q of the number of bits 

that are integrated The signals within that area are coherent so they 'Yfil 
integrate to the power ofN, where N equals the number of bits. ~. if 

integrating over 10 bits, the power of 1he frequency of interest will be 

5 multiplied by the power of 10, divided by tlie square root of IO, to get an 

integration factor. of 3.1. 
0 

The problem with integrating over a mnnber of bits is that 

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 whe1her the bits are in phase or out of phase based on a 

known preamble sequence. 1hus, of a 53-hop message, the first five hops are 

15 preambles with known infonnati.on, that is, it -is 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 alternating ~ . 0 1 0 1 0 

pattern 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 perfonned at 1703 according to the alternating one-zero pattern to aid 

in detennining the noise threshold 

25 Coherent integration at 1704 is performed at 1704 over the 

period of five hops of pre.amble after oorrection of the phase of each bit. In 

this fashion, the frequency of the preambles will stand out within the 

frequency spectrum and a ~oise 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 
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the Q provides the total energy of the signal at each phase. At this stage in 

processing, the phase information is lost since the DSP is only calculating the 

total energy within each 200 hertz cell of the FFf. 

After the noise thresholding, coherent integration is performed 

· 5 at 1706 after it is determined what the power of the spectnnn is in each 200 

hertz cell. Coherent integration is perfonned over a period of 40 milliseconds 

which comprises eight bits. The coherent integration takes 40 millisecond 

slices of each hop in series to perf onn 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 rati.o is known. 

Those skilled in the art will readily.recogniz.e that incoherent 

15 integration 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) ID.coherent integration 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 illtegration power 

during a long interval. By doing incoherent integration over relatively short 

intervals of approximately 40 millisecortds each, the problem of chilling 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. 

30 

At this step in the processing, the DSP bas viewed a large 

spectnnn that bas noise. that ave.rages 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 ~s. 

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 proeess, the left cell, the 
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right cell, and the center cell have a 3-cell segment which is viewed The 

moving window is then moved up the freque.ncy spectnnn comparing ~ 

center cell with its neighbors. If the center energy is more than the a~ 

energy of the neighbors, that will mean that a frequency of some interest will 

5 be in the middle cell. If noise is fmm.d in fue three cells, there is no signal in 

the middle cell. This is terrned a moving average window pltls slot, since the 

slot is the center cell of interest · Once· the spectral energy is folllld in the 

cell, that cell is tagged as potentially having a frequency of interest. 111e 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 acljacent Wan of the neighboring cell To determine if 

a frequency is of interest when split between two cells, an additi.011al process 

of interpolation must be performed 

Interpolation is an approximate method to find where the 

frequency lies between the two adjacent cells. ·The signals on~ ~ are 

20 tak.en over an integration period of 40 milliseconds to determine 'What the 

frequency drift or phase drift of the frequency of interest: is from center to 

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 ~ts, the .change in the 

25 . frequency phaser, that is graphed as an l-Q value on a frequency phaser plot, 

can be viewed by comparing the seq(lential 40 millisecond deviations to note 

. the drift over time such as that shown in Fig. 14. Thus, ·some ~nnation 

will be obtained as to the frequency within eacli hop and how that frequency 

is cJrifting 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 
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which the frequencies appear in the center of the bin, the frequency can be 

determined for the other 40 millisecond integration periods in which the 

energy should appear between bins based on the known phase drift of the 

signal. Thus, by knowing the approximate frequency of inter~ and having 

5 the known drift of that frequency, the drift rate of this frequency is lm.own 

The drift rate then is a frequency offset from the center of the· 200 hertz bins. 

The phase drift and the frequencies of interest are saved in memory as the 

result of ~s process. 

Tue actual phase drift of a transmitted frequency can 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 9rift 
hoV1.rever, the phase of the signal can be determined and tracked throughout 

the entire acknowl¢gment message. Therefore, correction can be made and 

aceurate phase information can be extracted from the individual bits even in 

15 1he presence of phase drift of the frequency. Wrth this known phase chi.ft 

20 

. 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 knoWIL 

Bit Extraction 

Now that 1he phase drift is known, and the frequencies of 

interest are located using fast Fomier transform, the actual phase information 

of individual bits of interest are extractetl, as described in Fig. 18. This is 

done using Discrete Fotnier Transform (DFI) at 1801. Since the :frequencies 

25 of interest have already been located us~ the Fast Fornier Transform. across 

a broad spectnnn, the Discrete Fourier TI3DSfunn, which typically~ 

nnich more processing j>ower than an FFf, is used on a narrow bandwidth. 

The DFf analyz.es the :frequencies only on the frequencies located using the 

FFT where the :frequencies lie within a 75 kHz j-18 kHz band The DFf is 

30 actually performed using only four single cells or bins in a 

75 kHz:!°1g kHz band 
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As descnl>ed above, the drift in frequency of .the current hop 

must be lmown to accurately decode the phase of the bit of informatio~ within 

that hop according to the differential BPSK encoding. As shown in Table 3, 

the first bit of a single hop is the reference bit which follows the 15 

5 millisecond guard time of an individual hop. After the preamble detection, 

the actual infonnation of the message must be decoded by comparing the 

phase of the frequencies of the bits of each hop to the reference bit Tirus, it 

is of paramount importance that the accurate phase of the reference bit be 

determined To insure that the accurate phase of the reference bit bas been 

l 0 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 subseguent bit after 

the reference bit to insure an accurate comparison of the reference bit, i.e., bit 

one of one hop, to ~ 32nd bit of that hop. Phase drift could be ocqming 

chning a single bop sucl:i that the phase of the 32nd bit of that hop may have 

15 altered to the point of giving inaccmate comparison to the reference bit Thus 

the phase predictor is used to compensate for the phase drift and insure 

accurate decoding of the DPBSK 

20 

Drift Prediction 

The prediction of the drift of the frequency transµllt(:ed ~ the 

reverse pager is based on the history of the preamble and the history of the 

current and previous hops being decoded by the DFf. The drift in frequency 

is approximat.ed by the following fommla: 

A'I' = 21t &' x T 

25 where L\'P is the phase drift and &' is the clumge in frequency over time. So, 

over a 5 millisecond interval, where T = 5 ms, if 1here is a change in 

frequency/:£, which is different from z.ero, there is a L\'¥ phase chailge. 

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 z.ero degree norm can accmately be decoded as a z.ero 

bit Over the comse of the message, tlie Zeto bit may_ drift through z.ero 
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degrees to appear as a 350 degree phaser. In a similar fashion, during one bit 

of a hop, 170 degree phaser may be decoded while in a subsequent hop a 190 ·. 

degree phase may be ~ as compared to the reference phase of the 
reference bit of that 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 .6. '¥ 

can be predicted for each individual 5 millisecond bit of the hop. This 

provides a oorrection for each bit based on a prediction of the pfuse shift and 

a.ccmate decoding of the bits during the transmission as shown at 1803 in Fig. 

10 18. 

It: 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 (z.ero 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 from the FFf, this translates to an error of at the most, 90 

degrees over the entire interval of the transmission. U: 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 DFr, this 

prediction of frequency drift is applicable between hops since the same 

25 oscillator suffering the same drift is used for the different frequenci~ of the 

different hops. Th.us the prediction can be carried between hops and used 

fairly accmately to de<?Qde the bits as shown at 1804 in Fig. 18. 

30 

Confidence Factor 

After the bits have been decoded according to the known phase 

drift, the confidence that the bit is a z.ero or one is next determined. As 

described." above, inner- and outer-coding of the message is performed to 
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minimize the bit error rate. Interleaving is also accomplished to minimize the 

complete loss of information due to a noise burst Thus, de-interleavil;lg is 

accomplished to detennine the correct bit values in the presence of noise as . . 
shown at 1805 in Fig. 18. 

5 . Actual bit decisions are performed using a soft-decisfon 

algorithm as shown at 1805 of Fig. 18. The inner-coding and inter-leaving 

scheme pl~ a copy of each bit in eight different hops, thus providing 

frequency diversity. The method to do a soft decision is to base each bit 

decision, that is a decision as to vmether the bit is a one or z.ero, based on a 

10 weighted aven1ooe 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 

duplication of the 33 bits of each hop. As shovvn 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. Each of the 32-bit data parcels is then interleaved in an A B 

AB fonnat as shown in Table 2. Thus, each data bit within each parcel is 

duplicated ei&bt times. 

Qi The signal-to-noise ratio is known for each hop as ~cribed 

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 frequ~. Ho~er, 

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 irldividual values is indic8ted by a 

plurality of "xs" 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 determining 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 mnnber of decoded phase values for a single 

hop. Tirus, the standard deviation of the "'.31ue of the phase around zero and 

around 180 degrees· gives an evaluation for th~ signal-to-interference ratio of a 
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single hop. The standard deviation of the values received for .a single hop is 

the weighting factor used to determine the validity of all of the bits r~ived 

during a single hop. 

TABLE 4: Soft Inner Decoding 

0 = One Frequen,cy Hop 

IAIBIAIBIAIBIAIBIAIBIAIBIAIBIAIBI 

Hop Decoded Bit SIN \VeiQf1t Result 

I I IO +10 
2 1 8 +8 
3 1 3 +3 
4 0 1 - 1 
5 1 9 +9 
6 1 2 +2 
7 1 10 +10 
8 0 2 -2 

------~------------------------------------~--------------------------------------
+39 

Confidence: 39/80 that a ONE was decoded 

· 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 

summed 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 t.l'la1 hop 

may be ten on a scale of one to ten where I 0 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. 
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Finally, the soft decoded bits are inner-decoded using the 

reverse BCH 30/63 algorithm to extract the actual data bits as shown~ 1.806 

ofFig. 18. 

Remote Reverse Pager . 

Figure 19 is a block diagram of the remote reverse p~o-er used 

in the preferred embodiment of the present invention The paging receiver 

1901 is of a standard design well known to th<;>se skilled in the industry. TI1e 

Peloaing receiver receives digital paging information either in the POCSAG 

10 format, ERMES format, FLEX format or other industry standard formats. TI1e 

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 

number 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 rrrultiply 

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 d~ 

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 
0 

30 encouraged to be off center so that multiple-transmitting pagers within the 

same group can be disrinoOl.lished. For example, statistical distribution of 

muftipiy transmitting reverse remote pagers from the same group would allow 
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proper decoding of simultaneous messages as long as the narrow band 

frequencies are limited to approximately 100 hertz skirt at the transmitting 

frequency. Since the resolution of the FFf and DFf algorithm used 'in the 

paging terminal is on the order of 200 hem; most collisions of sinmltaneously 

5 transmitting pagers within a single group can be avoided 

A key to ensuring that the transmitted frequency is extremely 

narrow and lies within the selected 7.5 kilohertz channel frequency of the 

selected hop, a special double loop phase lock loop digital synthesiz.er is 

shown in Figure 19. Because differential bi-phase shift keying is required for 

10 transmission, phase noise of the generated frequency Im.ISt be kept to a 

minimum In addition, the lock time of the PLL must be fust to allow rapid 

hopping between frequencies. The new hop frequency selected by the double 

loop PLL nrust 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 mininn:µn. to ensure proper decoding of 

the 180° phase shift between bits indicating digital :rero and one. 

To ensme proper lock and stabiliz.ati.on of the hop frequency, 

the double loop PLL nmst 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 dbclhertz at 1 

kilohertz from carrier or -90 dbclhertz at 5 kilohertz from carrier producing a 

nairow band frequeticy 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, 

PLLl 1950 (shovvn in a dashed box of Figure 19) which provides a frequency 

30 of Foot-Fint> a down converter 1952, which converts the output frequency to fi01 

and a second PLL (PLL2) 1951 which locks on Fint and controls the VCO 

1908 which provides F 001. Note that the fiequencies sht>wn in"'ih~l5""x.arnpte 
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illustrati.On. of Figure 20 are by way of example only and not by way of 

limitation 

This DPLL design reduces the noise of the output freqtiency 

substantially. In general, PILI 1950 generates a coarse resolution frequency 

5 so that tire division ratio is low. PLL2 1951 locks on the low frequency also 

to provide a low division ratio. A band pass filter 1916 is provided to reject 

the PILI :frequency that leaks back through the mixer 1912. A single 9.6 

megaher1z reference 1905 having an accuracy of 3 parts per million is used as 

the same reference frequenpy for both PLLl and PLL2. 

10 Tue double loop PLL design in Figure 19 includes two 

synthesizer chips for each PLL. Synthesiz.er chip 1918 of PLLl is in the 

preferred embodiment a 1.1 gigahe:rtz PLL frequency synthesizer, Part No. 

MC145190 available from Motorola Semiconductors, Phoenix, Arizona This 

~ency synthesiz.er, referenCed to the 9.6 megahertz reference frequency 

15 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 

oscillator 1915. VCO 1915 is iJ?- the preferred embodiment, Part No. 

MQC505-900 operating at approximately 860 megahertz and available from 

20 Mirata of Tokyo, Japan. Tue 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. 

Tue second PLL 1952 prOduces a fine control frequency. PLL2 

1951 includes synthesiz.er chip 1906 which is in the preferred embodiment of 

25 the present invention, Part No. MC145170 available from Motorola 

Semiconductor of Phoenix, Arizona This is a PLL frequency synthesiz.er 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 progrannnable by microcontroller 1903. Frequency 

30 synthesiz.er 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-fine -frequency, which would be mixed with 
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the coarse frequency, the output frequency in the 900 megahertz band is 

produced with very little phase noise, very little phase jitter and extremely 

narrow noise skirt. 

The output of synthesiz.er chip 1906 is low pass :filtered to 

5 produce a variable OC voltage to control VCO 1908. Voltage control 

oscillator 1908 is in the preferred embodiment Part No. MQC309-964 

operating within the 900 megahertz band to provide the final output 

frequency. The output frequency from VCO 1908 i~ sensed from sense 1909 

as one input to mixer 1912. The coarse frequency aqjustment from PLLl of 

· 10 approximately 860 megahertz is mixed with the final output frequency by 

mixer 1912 to produce a down converted fine acljustment frequency within 

down converter 1952. Tue fine acljust frequency is band pass :filtered with an 

SAW band pass filter with a center frequency of approximately 38 megahertz. 

Band pass filter 1916 is in the preferred embodiment Part No. 

15 SAF38.9J:v1ZR.80Z also available from :Murata of Tokyo, Japan. 

The output from band pass filter 1916 is the Fint frequency used 

for the fine frequency control of synthesiz.er chip 1906. fu this fashion, the 

feedback carefully controls the output frequency of synthesizer chip 1906 to 

ensure accurate frequency reprochiction exactly or near the center of the 

20 required hop frequency. 

The output ofVCO 1908 of PLL2 1951 is mixed with the 

BPSK modulation data through mixer 1910. The BPSK modulation data is 

output from microcontroller 1903 to adju8t 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 Freqµency 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 detennined by the output 

freq-uv"tlcy from synth~iz.er chip 1951 which in tmn is determined by the. 
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division of the 9.6 lv.1Hz reference frequency by the beat frequency produced 

by mixer 1921. ·Synthesizer 1951 is programmed to select the outpll!. 

frequency based on a modulo division of the beat frequency to accurately 

control the frequency selected by controller 1903. The resulting frequency 

5 has a resolution of 7.5 kHz. 

PLLl operates \Vith a resolution of 480 Hz determined by 

cfr\.~ding the 9.6 MHz reference frequency by 20. PLL2 operates with a 

resolution of 37.5 kHz detenni.ned by dividing the 9.6 MHz reference 

frequency by 256. TI1e output frequency Fa.rt is computed as follows: 

IO Foot= F1 +Fin:= Fref * (N, I Ml+ Ni I Mi) 

where 

F1 = Frer*N1/M1 

Fint = Frcf * N2 I M2 

and where Fi, Nb and~ are parameters of PLLI, 

15 and where Pint> Nz, and M2 are parameters of PLL2, 

20 

and where N is the syntb.esirer divisor for the internal PLL for dividing the 

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

dividing the reference frequency. 

Alternate Applications 

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 missmg 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 admowledgement energy from the pager. 

The present invention may also be used as a medical alert 

device. Similar 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 
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with other pagers with the group, the base station wouid move the active 

medical alert pager to its own group. 

The pre.9ent invention may also be used in a polling mode 

where response is automatic and not user generated. By connecting the 

5 remote units to perform monitoring of utilities, for example, the base station 

would poll the remote units to report utility usage. Also, remote monitoring 

of vending machines to provide accmmting and status is an anticipated 

application of the present technology. 

10 CONCLUSION 

Although specific embodiments have been illustrated and 

described herein, it will be appreciated by those of or~ skill in the art 

that any arrangement which is calculated to achieve the same ptnpose may be 

substituted for the speqific embodiment ~hown. 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 

• 
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U»-IaiER FRFJJUENCY HOPPF.D SPRF.AD SPEC.l'RUM 

ACKlDiLEDGEMENT PAGING SYSftM 

WHAT IS CLAil\.1ED IS: 

I. A reverse paging system, comprising: 

a focal paging terminal having a telephone connection for 

5 receiving a telephone call with a paging message, and encoding the paging 

IO 

message; 

a paging antenna connected to the local paging terminal 

operable for transmission of the paging message corresponding to a unique 

address; 

a plurality of reverse pagers divided into a plurality of groups, 

each pa.:,o-er corre8ponding to the unique address and having a transmitter for 

transmitting an aclmowledgement signal on a frequency-hopped spread 

spectnnn carrier the :frequencies being selected by a repeating pseudo-random 

code sequence, each of said groups being assigned to a different non-

15 overlapping se~ segment on the code sequence such that the pages of 

each of said groups use orthogonal frequencies; 

20 

at least one reverse paging terminal having a receiving antenna 

for receiving the acknowledgement signal on a frequency-hopped spread 

spectrum carrier. 

2. Tue reverse paging system according to claim 1 wherein the reverse 

paging terminal is capable of servicing a plurality of reverse pagers 
' 

corresponding to a plurality of independently operating local paging terminals. 

25 3. The reverse paging system according to cl3im 1 wherein the local 

paging terminal includes a phn:ality of transmitting towers simultaneously 

transmitting the paging message. 

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

30 paging tenninal includes a plurality of receiving antennas each for receiving 

the acknowledgement signal on a frequency-hopped spread spectrum carrier to 

cover a wide geographic area 

11111111 llllll lllll lllll ll 1111 
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5. The reverse paging system according to claim 4 wherein the reverse 

paging tenninal includes a plurality of base stations each correspondll:w to one 

of the plurality of receiving antennas, the plurality of base stations being 

networked together for receiving the acknowledgement signal on a frequency-

5 hopped spread spectrum carrier to cover a wide geographic area. 

IO 

6. TI1e reverse paging system according to claim 5 wherein each of the 

plurality of base stations includes of plurality of decoding pipelines for 

simultaneous decoding of a plurality of the acknowledgement signal. 

7. 111e reverse paging system according to claim 1 wherein the reverse 

pager fi.nther includes: 

a radio receiver connected to a r~iving antenna for receiving 

the paging ~sage; 

15 control means connected to the radio receiver and operable for 

contimtalJy monitoring a repeating pseudo-random code sequence, and for 

selecting a fr~y hopping sequence based upon the repeating pseudo­

random code sequence; 

input means connected to the control means for receiving 

20 acknowledgement infonnation to be transmitted; 

carrier generator means connected to the control means for producing a 

series frequencies for the frequency-hopped spread spectrum. canier, select~ 
• 

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 information onto the frequency-hopped spread 

spectrum carrier for transmission by the transmitter. 

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

the modulation means of the reverse pager further includes means for bi-phase 

30 shift keying modulation of the frequency-hopped spread spectrum canier. 

\ tll\111 llll\\ 111\l l\lll lt llll 
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9. The reverse paging system according to claim 8 wherein the control 

means of the reverse pager furthef includeS a local calendar clock to k~ the 

time of day and an offset for the local calendar clock, wherein the coritrol 

means is finther operable for periodically receiving accurate synchroni2ation 

5 signals from the local paging terminal, and finther for ui)dating the offset for· 

local calendar clock to ensure accurate time of day. 

10. ·The reverse paging system according to claim 9 \vherein the control 

1neans of the reverse pager is fi.nther operable for using the offset and the 

IO local calendar clock to monitor the repeating pseudo-random code sequence 

such tl_iat the base unit and the remote unit are synchronized dming the 

transmissions of the frequency-hopped spread s~ carrier. 

11. A reverse paging system for use with a base transmitter for 

15 tranSmitting messages each corresponding to unique addresses. comprising: 

· a plurality of remote units each c0rresponding to one of the 

unique addresses, each remote unit including: 

20 

25 

30 

a radio receiver connected to an antenna for receiving 

the messages; 

input means for receiving information to be transmitted; 

remote unit control means connected to the radio 

receiver and the input means, and operable for continually 

monitnring a repeating pseudo-random oode sequence, for 

selecting a frequency hopping sequence based upon the 

repeating pseudo-random code sequence, and for encoding the 

infonnati.on to be transmitted and producing therefrom en.coded 

information; 

canier generator means connected to the remote tmit 

control means for producing a series of narrow-band canier 

frequencies selected in response to the· repeating pseudo-random 

code sequence;· 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\\'I\ 
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modulation means connected to the canier generating 

means and the remote unit control means for modulating the 

encoded infonnation onto 1he series of narrow-band carrier 

:frequencies to produce a modulated :frequency-hopped carrier; 

transmitter means for transmitting the modulated 

:frequency-hopped canier; and 

· a b~e receiver for receiving the modulated :frequency-hopped 

carrier and for demodulating the information. 

10 12. The system according to claim 11 wherein the base receiver finther 

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. Tue systeni according to claim 11 wheiein the base receiver £.nth.er 

compnses: 

radio :frequency receiving means for receiving the modulated 

:frequency-hopped carrier from the plurality of remote units; 

down converter means connected to the radio frequency 

20 receiving means for down.converting the modulated frequency-hopped carrier 

and for reproducing therefrom the series of narrow-band carrier frequencies in 

synchronization with the repeating pseudo-random code sequence; 

decoding me.ans connected to the down converter means for 

decoding the information contained in each of the narrow-band carrier 

25 frequencies; and 

base receiver control means connected to the down converter 

means and the decoding means for selecting the local oscillator frequencies 

needed for down.converting the modulated frequency-hopped carrier. 

30 14. The system according to claim 13 wherein the remote tmit 001).trol 

means is further operable for encoding the infonnation by perfomring the 

steps of 

11111111 m11111111 t\1111\ 1111 
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inputting the itifonnation to be transmitted from the input 

means as a plurality of bits of digital data; 

encoding the bits of digital data using an error correction code 

to produce a larger mnnber of encoded bits of digital data; 

5 dividing the encoded bits of digital data into groups of encOded 

bits of digital data; 

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 phrrality of interleaved redundant groups of enc:e<led bits of 

digital data; and 

passing the plurality of interleaved redlllldant groups of encoded 

bits of ~gital data representative of the ~ormation to the modulation means. 

15 15. The system according to claim 14 vvherein the base receiver c6ntrol 

ineans is further operable for performing the steps of 

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 rechm.dant groups· of encoded bits 

of digital data; 

tabulating individual bits of the rOOundant groups of encoded 

bits of digital data to produce table of a· plurality of values representing the 

individual groups; 

25 weighting each entry in the table of the plurality of values 

representing the individual groups by the signal f9 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 

30 each of the individual bits. 

I lllllll llllll lllll lllll ll llll 
* C L M S * 



54 

16. Tue system according to claim 15 wherein the base receiver includes a 

plurality of pipelines of parallel-operating digital signal processors for 

simultaneous demodulation of a ph.rrality of narrow-band canier freqrtencies. 

5 17. The system according to claim 16 wherein the base receiver includes a 

plurality of pipelines of parallel-operating digital signal processors for 

simultanoous demodulation of a plurality of narrow-band carrier frequencies. 

18. Tue system according to claim 11 wherein the base transmitter 

I 0 periodically transmits a synchronization message and the plurality of remote 

units each synchroniz.e an inteIDal clock to the synchronization message. 

19. The system according to claim 11 wherein.the message is a polling 

message and where the input means :fj.nther 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 21. A base receiver for use with a reverse paging system having a 
. . 

base transmitter for transmitting messages each corresponding to ·Unique 

addresses and a plurality of remote units for receiving the messages and 

transmitting infonnation in r~ponse thereto, the base receiver comprising: 

radio frequency receiving means for receiving frequency-

25 hopped spread-specinnn radio frequency signals from the plurality of remote 

units· , 

dawn converter means collnected to the radio frequency 

receiving means. for down.converting 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 infamation contained in each of the frequency hops; and 

\ \11111\ \lllll 111\t \\1\1 ll lll\ 
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control means connected to the do'Ml. converter means and the 

decoding means for selecting the local oscillator frequencies needed for 

dovv.nconverting the frequency"hopped spread-spectnnn radio frequency 

signals. 

· 22. The base receiver according to claim 21 wherein the decoding means 

further includes means· for decoding phase shift keying modulation of the 

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

frequency hops. 

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. 

24. The base receiver according to claim 22 wherein the decoding means 

is further operable for perfomring 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 redtmdant groups of encoded bits of digital 

data 

25 tabulating the redmidant groups of encoded bits of digital data 

to produce table of a plurality of values representing the individual groups; 

weighting each en.tty 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 weighted values for 

each of the individual bits. 

I lllllll llllll lllll lllll ll llll 
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25. A remote tmit for use with a communication system having a 

base transmitter for transmitting messages each having a unique addresses 

each corresponding to one of a plurality of the remote units and for we with a 

base receiver for receiving information transmitted from the remote llllits, the 

5 remote unit comprising: 

a radio receiver connected to an antenna for receiving the 

messages; 

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; 

carrier 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 canier generating means 

and the input means for modulating the infomiation 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 carrier. 

26. The remote urut according to claim 25 wherein the cani.er generator 

25 means finther includes: 

output means for outputting the narrow-band carrier frequencies 

selected in response to the control means; 

reference means for generating a referen~ 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 correction signal 

I lllllll ltllll lllll lllll II llll 
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in response to the course frequency correction signal and the narrow-band 

carrier frequencies; and 

second phase locked loop means connected to the reference 

means and the comparison ~ for generating the narrow-band carrier 

5 frequencies in response to the beat freqtiency correction signal. 

10 

27. The remote unit according to claim 25 wherein the modulation rrieans 

further includes means for phase shift keying modulation of the series of a 

narrow-band carrier frequencies. 

28. The remote unit according to claim 25 wherein the control means 

further includes a local calendar clock to keep the time of day and an offset 

for the local calendar clock vmerein the control :a;ieans is further operable for 

periodically receiving accurate synchronization signals from the base 

15 transmitter and finther 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 

finther 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 modtilated 

frequency-hopped carrier. 

30. A method of transmitting low-poWer frequency-hopped spread 

25 spectnnn data, comprising the steps of 

inputting the data to be transmitted as a plmality of bits of 

digital data; 

encoding the bits of digital data using an error correction 

scheme to produce a larger mnnber of encoded bits of digital data; 

· 30 dividing the encoded bits of digital data into groups of encoded 

bits of digital data; 
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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 

to produce a plurality of interleaved redundant groups of encoded bits of 

. 5 . digital data; and 

modulating and serially transmitting each of the plurality of 

interleaved redundant groups of encoded bits of digital data onto a series of 

hop frequencies of a frequency-hopped carrier. 

10 31. A method of soft decoding the plurality of interleaved 

redundant groups of encoded bits of digital data genenited in the last step of 

claim 3·0, comprising.the steps of. 

receiving each of the series of hop :frequencies of the 

frequency-hopped carrier, each hop :frequency contaiping one of the plurality 

15 of interleaved rechmdant groups of encoded bits of digital 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 redtmdant 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 

25 representing the individual groups by the signal to noise ratio of each of the 

hop frequencies to which each individual bit corr~nds to produce weighted 

values for each of the individual bits; and 

30 

decoding the digital value of each of the weighted values for 

each of the individual bits. 

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

reference means for generating a reference frequency, 

111111111111111111111111111111 
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controlled oscillator means for generating a narrow-band carrier 

frequency; 

first phase locked loop means comected to the reference means 

for generating a course :frequency correction signal; 

comparison means connected to the first phase locked loop 

means and the controlled oscillator means for generating a beat frequency 

correction signal in response to the course frequency correction signal and the 

narrow-band carrier frequencies; and 

second phase locked loop means connected to the reference 

10 means and the comparison means for generating 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 po~ limitations and including 

means for sending time-of.day syncbrob.i7.ation infonnation as part of the 

paging data stream and having a fr~cy-hopping spread spectnnn receiver 

for receiving and decoding a plurality of low power frequency-hopped spread 

20 spectrum signals; 

a plurality of remote units, each being a member or" 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 oonveyed and the time-of-

25 day synchronization information; 

means for comparing the time-of.day synchronization 

information to a local calendar-clock; 

means for storing 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 a4justment to the 

local calendar clock, the transmission code being used to select a 
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unique pattern of :frequencies used in ~ unique sequence used only 

within the group to which this remote unit corresponds; and 

means for transmitting a low-power frequency-hopped sPreaci 
spectnnn signal back to the base station in response to an operator 

5 command, the signal being transmitted at 'a power level such that 

licensing of the transmission is not required and the signal including 

th~ unique pattern. of :frequencies transmitted in the unique sequence 

such that collisions between 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 tenninal 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 local 

paging terminal transmits the paging message as digital data according to the 

20 POCSAG standard 

36. The reverse paging system according to claim I wherein the reverse 

paging terminal has means for dynamically changing a pagers group 

membership such that if one group is experiencing a large mun.her 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 minimi.red 
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