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* This invention relates in general to alignment of a radio receiver to
a radio signal and in particular to optimizing the alignment of a radio
receiver which receives a radio signal which is frequency modulated by a
digital signal.,
10

- BACKGROUND OF THE INVENTION

~ Radio receivers, such as pagers, which receive radio signals .
frequency modulated by digital signals, are designed to be very small and
15 inexpensive, and typically use both frequency determining circuits and
bandpass filters. The frequency determining circuits and bandpass filters
have characteristics that are determined at the time of manufacture and
which vary from part to part. The frequency determining circuits and
~ bandpass fiiters also have characterigtics determined by time and
20 temperature. For example, the harmonic frequency of a crystal has a part
to part make tolerance, as well as time and temperature dependent
tolerances. As a further example, the peak frequency, the bandwidth, and
the shape of the frequency response curve of a bandpass filter have a part
to part make tolerance, and some temperature dependent tolerance. The
25 sensitivity of radio receivers using such frequency determining circuits is
affected by these characteristics, as well as an offset of the radio signal
being recelved. The sensitivity of the radio receiver is the ability of the
radio receiver to accurately recover information when a radio signal
'being received is weak or distorted. The offset of the radio signal being
30 received is the difference of the carrier frequency of the radio signal being
received from an expected value of the carrier frequency of the radio
signal. The sensitivity of the radio receiver is optimized when a local
oscillator in the radio receiver converts the carrier frequency of the radio
signal to an intermediate frequency (IF) which is optimally aligned to
35 one or more IP filters having a cumulative shape and & bandwidth
optimized for the characteristics of the radio signal being received.
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‘approach has worked well, but this approach limits the receive

10 sensitivity performance in comparison, for example, to that which can be
achieved in radio receivers which have relatively high speed, high
power circuits, such as radios using synthesized local oscillators and _
digital signal processors, whetein sophisticated automatic frequency and |
automatic phase control circuits and methods have been used to '

15 optimally align the local oscillator. When optimal alignment methods,
including automatic frequency control are not used, the sensitivity is less
than optimum because the bandwidth of the IF filter must be widened to
accommodate the part to part, time, and temperature variations of the
filter (or cumulative filters, when more than one are used), the local

20  oscillator reference (typically a crystal circuit), and the expected received
carrier offset.

One method of optimizing receive sensitivity used in pagers is to
optimize the part to part variations of frequency determining circuits,
such as a crystal circuit, by making adjustments to the value of a part,

25 such as a capacitor, in the crystal circuit, For example, a mechanically
variable capacitor is adjusted or a capacitor is laser trimmed in a factory
procedure to optimize the frequency of the crystal circuit. Alternatively,
in a pager having a voltage conirolled oscillator, a correction value to
optimize the nominal oscillator frequency can be determined and stored

30 in a factory procedure. These procedures typically adjust the nominal
(room temperature) frequency of the frequency determining circuits
accurately, using a factory standard frequency reference.

Using a factory standard frequency reference procedure corrects for
part to part variations of parts, such as crystals and capacitors, in the

35 frequency determining circuits, but does not adjust the frequency

- determining circuits to compensate for part to part varlations in other
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analog signal such as a pure carrier, and an analog output, such as a IF

output signal, which must be measured to determine a relative gain at -
various frequencies prior in order to perform an adjustment to optimize
the receive sensitivity to,compensate for part to part variations in an
intermediate frequency filter. This method is too slow to achieve the
manufacturing costs necessary to attain competitive pricing.

Another method of optimizing receive sensitivity in a radio
receiver having a voltage controllable oscillator and a controller is to

~ adjust frequency determining circuits during the use of the radio

receiver. This method compensates for time and temperature
variations, and can also compensate for the part to patt variations when
they are not severe. This method has been accomplished in some radio
receivers by analog techniques, which require additional circuitry in
radlo receivers which are digital in nature, such as an alphanumeric
pagers. This method has also been accomplished in other, sophisticated,
radio receivers such as cellular radios and commercial portable radios.
These sophisticated radios have employed digital signal processors in
conjunction with microprocessors for phase locking the radio receivers
to a received digital signal, thereby optimizing the receive sensitivity of
the radio receiver.

Thus, what is needed is a method of optimizing the sensitivity
performance in very small and low cost radios which receive radio
signals frequency modulated by a digital signal, which method is usable
in a factory alignment method of the radios and/or during use of the
radios.

SUMMARY OF THE INVENTION

Accordingly, in a first aspect of the present invention, a method
used in one of a factory setup and a maintenance setup is for
automatically aligning a receiver section of a selective call receiver. The
method includes the steps of generating a frequency modulated (FM)
signal, receiving and demodulating the FM signal in the receiver section,
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In the step of decoding the predetermined pattern of data symbols, the
' predetermined pattern of data symbols is included in the FM signal

10 which is demodulated in the step of receiving and demodulating, In the
step of determining a first error rate, the first error rate of a first subset of
the predetermined pattern of data symbols is determined. The first
subset of data symbols includes a plurality of data symbols modulated at
the first polarity. In the step of determining a second error rate, the

15 second error rate of a second subset of the predetermined pattern of data
symbols is determined. The second subset includes a plurality of data
symbols modulated at the second polarity. In the step of aligning the
receiver section, the receiver section is aligned based on the first error
rate and the second error rate determined in the determining steps.

20 Accordingly, in a second aspect of the present invention, an
automatic frequency controller is coupled to a receiver element. The
receiver element receives and demodulates a frequency modulated (FM)
signal. The FM signal includes a plurality of data symbols, Each data
symbol modulates the FM signal at one of a plurality of frequency

25 deviations. Each of the plurality of frequency deviations has one of two
opposite polarities. The automatic frequency controller includes an esror
detector, a frequency controller, and a local oscillator. The error detector,
which is coupléd to the receiver element, determines error rates of at
least two subsets of the data symbols, each subset comprising a plurality

30 of the data symbols modulated at a unique one of the plurality of
frequency deviations. The at least two subsets comprise data symbols of
the two opposite polarities. The frequency controller, which is coupled
to the error detector, generates a frequency control signal based on the
error rates of the at least two subsets of the data symbols. The loca:

35 oscillator, which is coupled to the frequency controller, is controlled by
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5 FM signal includes data symbols. Each data symbol modulates the FM
signal at one of a plurality of frequency deviations. Each of the plurality
of frequency deviations has one of two opposite polarities. The FM
signal further Includes a selective call address. The selective call receiver
includes a receiver element, a control circuit, a sensible alert, and an

10 automatic frequency controller. The receiver element receives and
demodulates the FM signal. The control circuit, which is coupled to the
receiver element, decodes the data symbols and the selective call address
included in the FM signal. The control circuit generates an alert signal
when the selective call address matches an address stored in the selective

15  call receiver. The sensible alert, which is coupled to the control circuit, is
responsive to the alert signal for generating a sensible alert.

The automatic frequency controller, which is coupled to the receiver
element and the control circuit, includes an error detector, a frequency
controller, and a local oscillator. The error detector, which is coupled to

20 the receiver element, determines error rates of at least two subsets of the
data symbols, each subset comprising a plurality of the data symbols
modulated at a unique one of the plurality of frequency deviations. The
at least two subsets comprise data symbols of the two opposite polarities,
The frequency controller, which is coupled to the error detector,

25 generates a frequency control signal based on the error rates of the at least
two subsets of the data symbols. The local oscillator, which is coupled to
the frequency controller, is controlled by the frequency. control signal to
align the receiver element to the FM signal.

Accordingly, in a fourth aspect of the present invention, a method is

30 used in a receiver for aligning the receiver to a frequency modulated
(FM) signal. The FM signal includes data symbols. Each data symbol
‘modulates the FM signal at one of a plurality of frequency deviations.
Each of the plurality of frequency deviations has one of two opposite
polarities. The receiver includes a receiver section which is aligned by a

35 local oscillator. The method includes the steps of intercepting and
demodulating the FM signal, including the data symbols, determining
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BRIEF DESCRIPTION OF THE DRAWING

15 - FIG. 1 i3 an electrical block diagram of a selective call receiver
- having a voltage controlled frequency reference, in accordance with the
preferred embodiment of the present invention.

FIG. 2 is a set of frequency plots of a digital radio signal and a
response of an intermediate frequency filter used to align the selective

20  call receiver, in accordance with the preferred embodiment of the present
invention. |

FIG. 3 is an electrical block diagram of a controlled n:equency
reference and a receiver element used in the selective call recelver, in
accordance with the preferred embodiment of the present invention.

25 FIG. 4 is a timing diagram showing a standard protocol used for
digital signaling in a radio communications system, in accordance with
the preferred embodiment of the present invention.

FIG. 5 is a flow chart showing a method used in a selective cail
receiver for aligning the selective call receiver, in accordance with the

30 preferred embodiment of the present invention.

FIG. 6 is an electrical block diagram of a factory alignment setup
used for aligning one or more receiver sections used in the selective call
receiver, in accordance with the preferred embodiment of the present
invention.
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FIG. 9 is a flow chart describing a method used in a factory for
aligning the receiver section, in accordance with the alternative
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

- Referring to FIG. 1, an electrical block diagram of a selective call
receiver 100 having a controlled frequency reference 115 is shown, in
accordance with the preferred embodiment of the present invention.
The selective call receiver 100 operates in a radio communication system
to intercept a radio signal having a predetermined carrier frequency
which is frequency modulated (FM) with a digital signal. The FM radio
signal is intercepted using an antenna 113 which is coupled to a receiver
element 103. The receiver element 103 operates to amplify, convert,
filter, and demodulate the intercepted radio signal. The demodulated
signal is coupled from the receiver element 103 to a control circuit 106,
which includes conventional control logic for decoding the demodulated
signal, including a selective call message, in a manner well known in the
art. The demodulated digital signal is coupled through the control
circuit 106 to the controlled frequency reference 115, which generates a
local oscillator signal which is coupled to the receiver element 103. The
local oscillator signal is used in the receiver element 103 to convert the
received signal into an intermediate frequency (IF) signal by converting
the carrier frequency into an intermediate frequency, in a conventional
manner well known to one of ordinary skill in the art. The receiver
element 103 comprises an intermediate frequency (IF) filter 104 used for
removing undesirable frequency components from the IF signal in a
conventional manner well known to one of otdinary skill in the art.
The selective call message comprises an address, a predetermined pattern
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processing the message when the comparison meets predetermined

| criteria,. When the comparison does not ‘ineet predetermined criteria,

10  the selective call receiver 100 stops the processing of the selective call
message. When the comparison does meet the predetermined criteria,

_ the control circuit 106 further processes the message as determined by the
contents of the recovered selective call message and the settings of
controls 116, the selective call receiver 100 may further process the

15  selective call message by presenting at least a portion of the selective call
maessage, using the display 152, and by signaling a user via the sensible
alerting device 118 that a selective call message has been received. The
information which is displayed can include a short message such as a
phone number or a longer message such as a alphanumeric inquiry or a

20 small map, any of which can be presented on the display 152 by
manipulation of the controls 116 on the selective call receiver 100. 1t will
be appreciated that the selective call receiver 100 could be of the type
which also transmits messages and/or acknowledgments by means of
radio signals.

25 The selective call receiver 100 is preferably similar to a Memo
Express ® model pager, manufactured by Motorola, Inc., of Schaumburg,
Illinois, modified to have the controlled frequency reference 115,
described more fully below, but may alternatively may be another of
many selective call receiver radios modified similarly. '

30 The selective call receiver 100 {s representative of other portable and
mobile devices which include controlled frequency references for
receiving a radio signal which is frequency modulated by a digital signal.
Other stich portable devices include portable and mobile telephones and
portable and mobile communication transceivers such as trunked radios.

35 Referring to FIG. 2, a set of frequency plots of a digital radio signal
and a response 203 of the IF filter 104 used to align the selective call
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10 . deviations of the carrier frequency of first and second polarities, negative
and positive, corresponding, respectively, to first and second states of the
binary data symbols. In a first example in which the modulated radio
signal is symmetrically aligned with the IF filter 104, after the intercepted
radio signal is converted in the receiver element 103 to the IF signal, the
15 modulated IF signal 215 has a negative deviated frequency of F3 when
the digital signal is in a first of the binary states. Frequency F3 is equal to
the IF minus one half the total FM deviation. The modulated IF signal
220 has a positive deviated frequency of F4 when the digital signal isin a
second of the binary states. Frequency F4 is equal to the IF plus one half
20 the total FM deviation. In this case the deviated frequencies F3 and F4
fall with in the cut off frequencies of the IF filter F1 and F2 and the
resultant data symbol error rate for both deviated signals 215, 220 will be
equal.
In a second example in which the modulated signal is misaligned
25 with the IF filter 104, when the intercepted radio signal is converted in
the recetver element 103 to the IF signal, the modulated IF signal 225 has
a negative deviated frequency of F5 when the digital signal is in the first
of the binary states. Frequency F5 is equal to the IF minus one half the
total FM deviation. The modulated IF signal 230 has a positive deviated
30 frequency of F6 when the digital signal is in the second of the binary
states. Frequency F6 is equal to the IF plus one half the total FM
deviation. In this second example, wherein the negative deviated
frequency F5 falls below the low frequency cutoff 205 at F1 of the IF filter
104, the modulated IF signal 225 is attenuated resulting in a high data
35 symbol error rate of the one binary state, Since the positive deviated
frequency F6 falls between F1 and F2 of the IF filter 104, the modulated IF
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5 with the IF filter 104, when the intercepted radio signal is converted in

| the receiver element 103 to the IF signal, the modulated IF signal 235 has
a negative deviated frequency of F7 when the digital signal is in the first
of the binary states. Prequency F7 is equal to the IF minus one half the
total FM deviation. The modulated IF signal 240 has a positive deviated

10  frequency of F8 when the digital signal is in the second of the binary
states. Frequency F8 is equal to the IF plus one half the total FM

- deviation. In this second example, wherein the positive deviated
frequency F8 falls above the high frequency cutoff 210 at F2 of the IF filter
104, the modulated IF signal 240 is attenuated resuiting in a high data

15 symbol error rate of the second binary state. Since the negative deviated
frequency F7 falls between F1 and F2 of the IF filter 104, the modulated IF
signal 235 will not be attenuated, This situation will result in a higher
data symbol error rate for the second binary state than the first binary
state,

20 Referring to FIG. 3, an electrical block diagram of the controlled
frequency reference 115 and the receiver element 103 used in the
selective call receiver of FIG. 1 is shown, in accordance with the preferred
embodiment of the present invention. The controlled frequency
reference 115 comprises an error detector 305, an error rate memory 310, a

25 frequency controller 315, a control signal memory 325, and a local
oscillator 320. The demodulated signal coupled to the control circuit 106
from the receiver element 103 is coupled to the error detector 305. The
error detector 305 determines from the demodulated signal at least two
error rates from a predetermined pattern of binary data symbols or by

30 error correction encoding of the data symbol included in the digital
signal, as described below. The error rates are coupled as sets to the error
rate memory 310 for storage. One or more sets of prior error rates are
coupled from the error rate memory 310 to the frequency controller 315,
wherein the error rates are used to adjust a frequency control signal 317,

35 - the value of which is stored in the control signal memory 325 coupled to
the frequency controller 315. The adjusted control signal is coupled to
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gener ates a frequencigcuio boaml t@wbh:hl thbaecedvamléﬂ\mtemacmmm\eatsciretam at
| east mounted. The circuit board to which the receiver element 103 and the
10  local oscillator are mounted is a receiver section 105. The error detector
305, the error rate memory 310, and the frequency controller 315 are
preferably implemented in a microprocessor such as a member of the
68HCO5 family of microprocessors manufactured by Motorola, Inc. of
Schaumburg, IL, which can be the same microprocessor used to
15 implement portions of the control circuit 106 . The error detector 303
and frequency controller 315 are preferably implemented as functions
stored in read only memory which use other portions of the
microprocessor, and the error rate memory 310 is preferably
implemented in an electrically alterable random access memory portion
20 of the microprocessor.

Referring to FIG. 4, a timing diagram showing a standard protocol
used for digital signaling in the radio communications system is showr.,
in accordance with the preferred embodiment of the present invention.
The standard protocol is preferably a message coding format used for the

25 national paging system of the British Post Office, and which is widely
used by many radio common carrier (RCC) service providers throughout
the world for communicating messages in digital radio signals to
selective call receivers, including pagers. The standard protocol is
commonly known as the POCSAG signaling protocol, or format, Each

30 transmission 400 of the digital radio signal includes binary information
transmitted at a bit rate of 512 bits per second for early POCSAG systems,
or 1200 and 2400 bits per second for later POCSAG systems. Each  ~
transmission 400 consists of a preamble 405 followed by one or more
batches of selectively arranged code words. The preamble 405 is a series

35 of reversed binary logic states (or data symbols) 1-0, 1-0, etc., thus
providing a predetermined pattern of the binary data symbols. The
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5 invariant predetermined binary sequence. Each baich comprises one
synchronizatidn code word 407 and sixteen address or data code words
which are subdivided into eight separate frames each containing two
address code words, or an address code word and a data code word, or two
data code words. Subsequent batches in any message transmission
10 contain the same format of a 32 bit synchronization word 407 followed by
eight frames, each containing two address code words, or an address code
word and a data code word, or two data code words, for a total of 16
address and/or data code words in a batch.
The address and data code words are grouped into eight frames
15 numbered 0 to 7. The entire selective call receiver address population is
similarly divided into eight possible groups, thereby providing each
group with a battery saving capability. Each selective call receiver address
is allocated to one of the corresponding eight frames according to the
three least significant bits of its 21 bit code word identity. Thus, all
20 selective call receivers having addresses which end in 000 would be
positioned in frame 0, and similarly, all selective call receivers having an
address code word ending in 111 would be in frame 7.
Address code words have a 32 bit structure and bit 1 of an address
code word 410 is always 0 as shown in FIG. 4. Bits 2-19 are the address bits
25 corresponding to the 18 most significant bits of the 21 bit identity
sequence assigned to an individual selective call receiver. The three least
significant bits of the 21 bit identity sequence are not transmitted since
they merely serve to define the frame in which the address code word
must be transmitted and are therefore derivable from the frame position
30 inabatch. Bits 20 and 21 are two function bits which are used to select
the required addresses from the four possible addresses assigned to the
 selective call receiver. Bits 22 to 31 are parity check bits and the final bit,
bit 32, is chosen to give even parity. The decoding system will only
examine address code words in a designated frame, and therefore, each
35 selective call receiver ‘s address code word is only transmitted in the
frame that is allocaied to that code word format.
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address code word.
10 Each code word, whether it is a synchronization code word, an
address code word, or a data code word follows the same 32 bit format in
~ which the most significant bit is transmitted first. The POCSAG
signaling protocol has reserved a number of code words for the
synchronization code word, and the most commonly used
15 synchronization code word 407 is shown in FIG. 4 with the most
significant bit in bit position 1, and least significant bit in bit position 32.
The address, data and synchronization code words described above
are a class of error correcting block codes called Bose - Chadhuri -
Hocquenghem (BCH). The BCH (31,21) code word plus an overall even
20 parity bit used in the POCSAG protocol provides a Hamming distance of
six which leads to the error correction and detection capabilities of:
1)  Any one or two bit errors can be corrected
2)  Any random 3 bit errors.can be detected.
3)  Any single error burst of length not exceeding 7 bits can be

25 detected.
4)  Any single burst of length not exceeding 4 bits can be
corrected.

- Correction and detection of random errors and burst lengths are

dependent upon the hamming distance as well as the code word

30 generating polynomial. Suitable etror correction and detection methods
described above can be extended to other protocols that employ BCH code
words as a means to perform error correction and detection by one of
ordinary skill in the art. Other known protocals that provide error
correction and detection, through the use of BCH code words, include

35 FLEX and Golay Sequential Coding (GSC).
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It will be appreciated that other protocols provide other
predetermined data symbol patterns, such as pseudo random patterns
and/or other error correcting encoding techniques, such as BCH codes of

10 other lengths or two dimensional block codes, which can be used with
the preferred embodiment of the present invention to provide the same
benefits described herein. ,

Referring to FIG. 5, a flow chart showing a method used in a

selective call receiver for aligning the selective call receiver of FIG. 1 is

15 shown, in accordance with the preferred embodiment of the present
invention. When the selective call receiver 100 is turned on, the
controlled frequency reference 115 sets the initial value of the control
signal 317 at step 505 to a value stored in the control signal memory 325.
At step 510, the selective call receiver 100 generates a recovered digital

20 signal when a frequency modulated radio signal having the POCSAG
format described above is intercepted and demodulated. At step 515, the
error detector 303 determines error rates of a first and a second subset of
data symbols by comparing appropriate portions of the recovered digital
signal to the expected preamble 405. The first subset of data symbols _

25 preferably consists of all the 0's in the preamble 405, and the second set of
data symbols consists of all the 1's in the preamble 405. The error rates of
the first and second subset of data symbols are stored in the error rate
memory 310 as a set of error rates at step 520. At step 525 the frequency
controller 315 compares a predetermined number, N, of the sets of prior

30 error rates (including the most recently determined error rate) stored in
the error rate memory 310, and generates a set of average error rates, one
for each of the two types of data symbols. It will be appreciated that the
predetermined number, N, in alternative embodiments, could be as
small as 1, and, when it is larger, the comparison can be done using a

35 calculation such as a weighted average of N prior sets with, for example,
the most recent measurements being given heavier weights, or with
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having a cont rolled secno ue&c& T eé and th%%rit_)e od 18 repeated at step 510 when a next
5 ' radio signal is received. When the difference is determined to be greater

than the predetermined value, V, the error rates of the first and second

subset of data symbols are compared to determine which error rate is

higher at step 535, When the error rate of the first subset of data symbois

is determined to be greater than the error rate of the second subset of data

10  symbols the frequency control signal is incremented in a first sense at
step 540, which in this example is an increasing adjustment.
Alternatively, when the error rate of the second subset of data symbols is
determined to be greater than the error rate of the first subset of data
symbols, the frequency control signal is incremented in a second sense at

15 step 545, which in this example, is a decreasing adjustment. At step 550,
the new value of the frequency control signal is stored in the control
signal memory 325, and used for setting the frequency of the controlled
frequency reference 115. The method is repeated when a next radio
signal including appropriate a predetermined pattern is received at step

20 Slo. ;

It will be appreciated that the error rates of first and second subsets
of data symbols can be determined by other methods. For example, the
predetermined synchronization words 407 of the POCSAG format could
be used, or a predetermined pattern of another protocol could be used.

25  Also, as an example, the error rates of the first and second data symbols
can be determined by generating a corrected digital signal using the ertor
correction capability of the transmitted code words 410 when the
POCSAG format is used and comparing the received digital signal to the
corrected digital signal. Error correction encoding of data symbols can be

30 ' used in other protocols providing them, with the efficacy and reliability
of the frequency correction determined by the error correction and
detection capability provided therein, Low error correction capabilities of
a protocol will result in longer delays to achieving optimal alignment,

and insufficient error detection may cause instability and false
35 alignment.
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example, coupled by a radio frequency cable 615 to the receiver sections

10 105 of one or more of the selective call receivers 100, each receiver
section 103 coupled to the controlled frequency reference 115 which is
used in the factory alignment setup and shipped with the aligned
receiver section 105. It will be appreciated that the cable 615 couples the -
modulated radio signal to the receiver sections 105 in a radiated manner

15 through the antenna 113, as with a radiation fixture, well known to one
of ordinary skill in the art. The receiver elements 103 intercept and
demodulate the radio signal as described above. The receiver section 105
is then aligned using the factory test setup and the alignment method

- described above in accordance with the preferred embodiment of the

20 present invention, with the resulting new value of the frequency control
signal, determined at step 550, being loaded from the encoder 640 into the
selective call receiver 100 and stored in the control signal memory 325 as
the initializing value used at step 505, when the selective call receiver
100 ig turned on. It will be appreciated that this alignment method,

25 which allows simultaneous alignment of a plurality of receiver sections
105 in accordance with the preferred embodiment of the present
invention using one encoder 640 and one FM transmitter 610 is much
more efficlent than prior art methods which align only one receiver
section at a time.

30 Referring to FIG. 7, an electrical block diagram of a selective call
receiver 700 having a fixed frequency reference 715 is shown, in
accordance with an alternative embodiment of the present invention.
The selective call receiver 700 operates in a radio communication system
to intercept a radio signal having a predetermined carrier frequency

35 which is frequency modulated with a digital signal. The selective call
teceiver 700 is identical to the selective call receiver 100 except that the

--)
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' uency reference 715 generates a local oscillator
5 stgnal whmh is caupl_ed to the receiver element 103. The fixed frequency
reference 715 comprises a conventional crystal oscillator circuit, well
-~known to one of ordinary skill in the art, and is preferably mounted on a
cireuit board to which the receiver element 103 components are also
mounted. The circuit board to which the receiver element 103 and the

10 local oscillator are mounted is a receiver section 105.

_ The selective call receiver 700 is preferably similar to a Memo
Express ® model pager, manufactured by Motorola, Inc., of Schaumburg,
Ilinois, but may alternatively may be another of many selective call
recetver radios having a fixed frequency reference.

15 The selective call receiver 700 i3 representative of other portable and
mobile devices which include fixed frequency references for receiving a
radio signal which is frequency modulated by a digital signal, Other such

. portable devices include portable and mobile telephones and portable
and mobile communication transceivers such as trunked radios.

20 Referring to FIG. 8, an electrical block diagram of a factory alignment
setup used for aligning the selective call receiver 700 of FIG. 7 is shown,
in accordance with the alternative embodiment of the present invention.
The factory alignment set up comprises an FM transmitter 610 which
generates a radio signal having a total modulation deviation set to the

25 desired IF filter bandwidth, coupled by a radio frequency cable 615 to the
receiver section 105 of the selective call receiver 700. The total deviation
is equal to the net difference of the positive and negative modulation
deviations, It will be appreciated that the cable 615 may couple the radio
signal directly to a test point of the recelver section 105 between the

30 antenna 113 and the receiver section 105, or may couple the radio signal
to the receiver section 105 in a radiated manner through the antenna 113,
as with a calibrated radiation fixture, well known to one of ordinary skill
In the art. The receiver element 103 intercepts and demodulates the
radlo signal as described above. A decoder/controller 840 is coupled to

35 the receiver section 105 by a first cable 850 to receive and decode a signal
transmitted from the receiver element 103, while the decoder/controller
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during the alignment of the rec_exver section 105, the signal coupled to
the decoder/controller 840 can be a decoder signal from the control
10 circuit 106.

Referring to FIG. 9, a flow chart describlng a method used in a
factory for aligning the receiver section 105 used in the selective call
receiver 700 of FIG. 7 is shown, in accordance with the alternative
embodiment of the present invention. In the alternative embodiment of

15 the present invention a binary signal having a predetermined pattern of
first and second binary data symbols is used to FM modulate the radio
signal generated by the FM transmitter 610, whick is a reference source
calibrated to be precisely at the predetermined radio frequency of the
selective call receiver 100, at step 900. The first and second data symbols

20 modulate, respectively, the radio signal at two frequency deviations. Tne
predetermined pattern in the alternative embodiment of the present
invention has alternating first and second data symbols. A first data
symbol subset consists of a plurality of the first data symbols identified
within the predetermined pattern, and a second data symbol subset

35  consists of an equivalent plurality of the second data symbols identified
within the predetermined pattern. The radio signal is coupled to and
demodulated by the selective call receiver 700 at step 910. The receiver
section 105 of the selective call receiver 700 is designed such that, when
the receiver element 103 and fixed frequency reference 715 are fabricated,

30 the frequencies of the IF signals are offset in a predetermined manner,

. having modulated IF signals such as signals 225, 230 (FIG. 2) which are
not symmetrical in the IF filter 104 bandwidth. A laser trimmable
component which is a part in the fixed frequency reference 715 can be
laser trimmed to alter the frequencies of the IF signals in the receiver

35 element 103 to become symmaetrically aligned to the IF filter 104
bandwidth, as are the IF signals 205, 210 (FIG. 2). The decoder/controller

P
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SHEET Dat e 18 5 viqte cggg:a( controlle: 840 determines the etror rate of each of the first and
second demodulated data symbol subsets by comparing the values of the
demodulated data symbol subsets recovered from the received radio
signal to the corresponding values of the predetermined pattern in the
transmitted radio signal. The difference of the first and second dats

10 symbol subset error rates is determined at atep 940, When the error rate |
of the first data symbol subset Is less than or equal to a predetermined
threshold, W, at step 950, and the difference of the error rates of the first
and second data symbol subsets is less than or equal to a predetermined
threshold, V, at step 960, the receiver section s aligned and the method is

15 stopped, at step 980. When the error rate of the first data symbol subset is
greater than the predetermined threshold, W, at step 950, or when the
error rate of the first data symbol subset is less than or equal to the
predetermined threshold, W, at step 950 and the difference of the error
rates is greater than the predetermined threshold, V, at step 960, the

20  decoder/controller 840 instructs the laser alignment station 830 to laser
trim the fixed frequency reference 715 an incremental amount at step 970,
and the method is continued when another predetermined pattern is
received, at step 910.

It will be appreciated that in a selective call receiver 700 having a

25 fixed frequency reference 715 of alternative design wherein laser
trimming of the component in the fixed frequency reference 715 reduces
the IF frequencies, the positively deviated IF signal 240 corresponding to
the second binary state initially falls outside the high frequency cut off
210 at F2, and the method for aligning the teceiver section 105 decreases

30 the local oscillator frequency of the fixed frequency reference 715 until
the data symbol error rate of the positively deviated signal 240 is
‘approximately equal to the data symbol error rate of the negatively
deviated signal 235 and the error rate of the first data symbol is less than
a data symbol error rate threshold resulting in a frequency spectrum plot

35 as described above with respect to the first example (FIG. 2). It will be
appreciated that alternative embodiments exist in which signals from
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subsets could be performed in the control circuit 106, with the results
* being coupled as error rates to the decoder/controller 840. It will be
10 further appreciated that any predetermined pattern providing sufficient
quantities of ones and zeroes will suffice, although some patterns, such
as those with very asymmetrical occurrences of first and second data
symbols, can result in slower completion of the alignment method.
It will be further appreciated that the factory alignment setups and
15 method in accordance with the preferred and alternative embodiments
of the preferred invention can be used equally well for maintenance
alignments. )
It will be further appreciated that other alternative embodiments of
the present invention can be used when the fixed frequency reference 715
20 is aligned by such method as adjusting a mechanically adjustable
capacitor or setting an offset value in a memory for establishing a phase
locked loop oscillator frequency. When the fixed frequency reference 715
is aligned by adjusting a mechanically adjustable capacitor, the laser 830 is
replaced by a robot having a tool which is mechanically coupled to the
25 mechanically adjustable capacitor for accomplishing the alignment of the -
receiver section 105. _
In summary, the factory alignment methods in accordance with the
preferred and alternative embodiments of the present invention
comprise the steps of generating a frequency modulated (FM) signal from
30 a reference source 610, wherein the FM signal includes a predetermined
pattern of data symbols, and wherein each data symbol modulates the
FM signal at one of a plurality of frequency deviations, and wherein each
of the plurality of frequency deviations has one of a first and second
polarity; receiving and demodulating the FM signal in the receiver
35 section 105; decoding the predetermined pattern of data symbols included
in the demodulated FM signal demodulated in the step of receiving and




the:l F m nus one. half the t ot aI FM de¥| ation. The nodul at ed |

has a positive devi atlsi 4 when the digital sign
second of the binary s
20 the total FM dewa

ﬁ&cy F4 is equal to the LF p :
: _ case the de¥1ated frequencies F3 and F4
fall with in the cut off frequenC|es of the IF TTlter F1 and F2 and the
resul tant data synbol error rate for both deviated signals 215, 220 w il be
Wth ihe IF il tor TOAIeHAE MG ARl eFion e sl st Subseb At Ae: ca | n
t he receiver el errentprgdeieminddepatﬂm thgndata symmbals, detiereindhe Firsti syhsét 225 has
of 't he. bl nary St at oo RS AR E’sf’@@?ﬁ syl fpldlasst R ite oneﬂ%“?ﬁ he
total FM deviation. 3‘550 2‘3#‘%@ Subsgs Qﬁlﬁl
frequency of F6 \Eherpatmn dhgdualsymbglalwhesemrthe henmdaubdetabmprbebnmuty
states. Frequency F‘%f'ﬁt@%bo&?né&l\%ﬂeﬁ otk Bﬁd W;\ ahﬁgyke
deviation. In this sec ex rerg t t|v uency
Fs fall's bel ow the [TSEHF 35%8%%58&0"2 T0k e pod P8 $ecpac Error ia
determined in said determining steps The alignment is accomplished in
the fixed frequency reference 615 of the alternative embodiment of the
10 present invention by making a mechanical adjustment, such as laser
trimming a capacitor. The alignment is accomplished in the controlled
frequency reference 115 in the preferred embodiment of the present
invention by setting a control signal value. -
It will be further appreciated that the methods and apparatus
15 described above in accordance with the preferred and alternative
embodiments of the present invention can be used with a digital signal
having more than two modulation levels, such as a four level frequency
modulated radio signal, which results in the generation of four IF signals
within the receiver element 103. Such a signal would be more
20 appropriate, for example, when the selective call receiver 100 is used |
which couples the decoded error rates to the decoder/controller 840. For
this example the selective call receiver 100 is designed primarily for
decoding a four level frequency modulated radio signal. In this example,
the selective call receiver 100 communicates the error rates for four
25 demodulated data symbol subsets, corresponding to the four data symbol
levels, to the decoder controller 840, which uses two of the error rates to
set the local oscillator frequency in the selective call receiver 100, thereby
optimizing the position of the four IF signals within the bandpass of the
IF filter 104. The two error rates used are the two error rates associated
30 with the two data symbol levels which modulate the carrier with the
maximum absolute deviation..
An advantage of the preferred and alternative embodiments of the
present invention over alignment procedures commonly used in the art
is that the frequencies of the IF signals will be optimized within the
35 bandpass of the IF filter (or filters, when the IF signals pass through more
than one filter component). For example, 455 kHz IF filters, which are
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104, the nodul ated +F-sigral-—225"7s attenuated resulting in | da g? .
'syrbol error rate of TE;Q@he%ﬁSBbeﬁ&bﬁa@d ate. Since the pomtw}igﬁd]'é% Hf{}r_ R EEN
€ t

frequency F6 falls b _ of ‘the IF filter 104, ti '
REPLACEMENT SHEET Dat GM‘H 10 signal 230 will not be attenuated.

This situation will re | gher data syr;gol error rate for the first
binary state than the second binary state. In a third exanple in which the
-nodul ated signal is msaligned 5 with the IF filter 104, when the

intercepted radio shsedhin ramomenifavailableselactive sallirecsivess,dypically bave 8 +/re | F
signal, the nodul atqokﬂfnﬁmle:&&@ ft 1 ﬂﬁ{dxﬁﬁuﬂﬁ’a:ﬁtﬁﬁtitrﬁﬁﬂﬁncy of F7

e e 00 o B A s . T B e b
~ must be wide enough to pass the IF slgnals without significantly
5 attenuating the IF signals, and therefore must include not only the
~ frequency deviations caused by the modulation of the radio signal by the
digital signal (which is approximately 14kHz in the example used
herein), but also part to part and temperature variations of the center
frequency of the filter, part to part and temperature variations of the local
10  oscillator frequency, and offsets of the carrier frequency of the intercepted
radio signal. The sensitivity of the selective call receiver 100 is degraded
‘when the IF filter bandwidth is increased beyond the minimum
necessary for optimum reception of the modulated signal. The
alignment method in accordance with the preferred and alternative
15 embodiments of the present invention essentially eliminates the need to
design the IF filter with additional bandwidth to include the part to part
variations of the IF filter and local oscillator frequency reference. In
contrast, prior art alignment method typically only align the local
oscillator. Thus, the alignment method in accordance with the preferred
20 and alternative embodiments of the present invention affords a _
significant further reduction (approximately 2 kFz in the example cited
above) in the bandwidth of the IF filter, which significantly improves the
sensitivity of the receiver.
Other methods of automatic frequency control require specialized
' 25 hardware and therefore added cost. The alignment method and |
apparatus in accordance with the preferred embodiment of the present
invention is advantageous because an improved alignment is achieved,
resulting in a better receiver sensitivity performance of the receiver, and
much of the hardware required to implement this invention is already
30 used in most receivers and therefore the cost impact and parts count
impact is minimized. The alignment method in accordance with the
alternative embodiment of the present invention is advantageous
because an improved alignment is achieved, resulting in a better receiver
sensitivity performance of the receiver.

We claim:



total FM deviation. The nodul ated |IF si gnal 240 has a positiv, TdﬂsrisafEEd}ﬁ@ BEEN
frequency of F8 when the digital signal is in the second of tihe bi REPRLACED .

states. Frequency E8—is—equal—to the 1F plus one hal f the tot'a—Fm

F8 falls above the hi utof f 210 at“F2 of the IF filter 10
the nodul ated I F S|gn

nbol f nuat ot rg::&; e the hl m,w"ﬂ lﬂlL l.!IJHIII
synmpol error rate o |nary st at gce t he neg

frequency F7 falls between F1 and F2 of th |ter 104, the modul at ed
signal 235 will not be attenuated. This situation will result in a hi gher
data synbol error réte%épfqméh%é'ewmmatpumampleﬂénatmeewendembntzary

state. 20 Ref eviidrein the :Etéarer&lemamefeeeivés aAd dehsdulsteadriddgueh

control | ed frequgnc u nthe
sel ective call rgce?fm; g?%% %&nﬁe{eﬁ%}%ﬁgggﬁﬁﬂmgg? 2“"‘15‘7
preferred enbodi rren1° Whﬁﬁ?h@# latg gmbelnedilates

ref erence 115 conprlaseae&ﬁaqﬂﬁﬁh m&%mmm;mmmw&ﬁlo a

25 frequency contrQhlGipip fre&uéi&?tcfe%aﬂ%hg B3k oHE TP o Jppositd Horitid€ dhe
autematic frequency controller comprising: -

10 an error detector, coupled to said receiver element, wherein said
error detector determines error rates of at least two subsets of the data
symbols, each subset comprising a plurality of the data symbols
modulated at a unique one of the plurality of frequency deviations, and - -
wherein the at least two subsets of the data symbols comprise data

15 symbols of the two opposite polarities;

a frequency controller, coupled to said error detector, wherein said
frequency controller generates a frequency control signal based on the
error rates of the at least two subsets of the data symbols; and

a local oscillator, coupled to said frequency controller, wherein said

20 local oscillator is controlled by the frequency control signal to align said
receiver element to the FM signal.

deviation. In this ggﬁ@t}%gwﬂiﬁawer ein the gositive. deviated frpnuencv

2. The automatic frequency controller according to claim 1, wherein the
FM signal is an FM radio signal.

3. The automatic frequency controller according to claim 1, wherein said
local oscillator is a phase lock loop oscillator.

4. The automatic frequency controller according to claim 1, wherein said
30 local oscillator is a varactor controlled crystal oscillator.

5. The automatic frequency controller according to claim 1, wherein the

data symbols include a predetermined pattern of data symbals and said

error detector determines the erfor rates from the predetermined pattern
35 of data symbols.



oscillator 320. The oupled to the contro ﬁ_i”é@qg(;ﬂ% BEEN

fromthe receiver. eI ed to the error detectfr 305zdivien
error detector 305 d m m Hggﬁ denmodul ated signal at - ED.
error rates froma predeteer rn of biggry data synbols or by 30

error correction encoding of the data synbol included in the digital
signal, as described below The error rates are. coupl ed as sets to the

error rate -nmenory 3410 r ?“%é'&'&\ £ l‘?érﬁt?ﬂ'ﬁ S
are coupl ed fromth% ‘é‘?\?oartﬁn%g{aﬁg ycygwﬁf & enc ntro er 315,
wherein the error réatasymbelsineiyde grmoy J%W%PW@@QG F &TY¥nal 317,

35 the val ue of VMétbctbSd&feemﬁtbslthehhermkfmlmshgmbrmﬁpn% coupl ed

to the frequency Cé}n‘lﬂjﬂker 315. The adjusted control si gnal i's coupl ed to
REPLACENMENT SHEET 18 MAR 1996 11 _

7. The automatic frequency controller according to claim 1, further
comprising an error tate memory, coupled to said error rate detector and
said frequency controller, said error rate memory for storing a plurality of
prior error rates, wherein said frequency controller generates the

10 frequency control signal based upon the plurality of prior error rates.

- 8. The automatic frequency controller according to claim 1 further
comprising a control signal memory, coupled to said frequency
controller, for storing a value of the frequency control signal, and

15 wherein the frequency controller uses the value of the frequency control
signal to generate an initial frequency of the local oscillator.
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the.sl ocal oscillator 320, thereby opt ment of t &
el ement 103 to the FMsignal. In the ,mumm’ﬂ"ﬂfumpem of tﬁ %@Eﬁﬁgﬁ‘s BEE
i nvention, the local oscillator 320:is"a ‘cohvefiti dnal vol tage ' ""ﬁ PR -

| ocal osci | lator, such as varactor controlled crystal oscillator, 5 which |
generates the local oscillator signal. Alternatively, the local oscillator

320 can be a digitally controlled | ocal OSC|IIator such as a digital phase

| ock oscillator. The I oscillator 3 ref erabl y nount

circuit board to Whl%'h qféeqnggé ég.cegqeé °£ %%Sﬁém%?&ﬁﬂ?egdﬁ’f)

mount ed. The ci rcui t signsl whereintthe FM klgnalemeludes daetacsymiiold, @R d=seherelreedd

| ocal oscillator ar ediRY

y&% i 5P6ne 0Fa plEL dEGredlBhey ! Of
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305, he error rate gect AR e o
famly of i cropri)ceewoémumppemtapddnﬁgs,I!hdcwhéram the"Maigriat basthdur g, 1L,
whi ch can be the sang, azs%pgewea%éqanuagﬁi %ﬁ%%@@f%&:ﬂﬁﬁ the
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control circuit 106 e error detecto 315

ency .con
are preferably inpl ement GUFeSeivey, eﬁ‘ﬁ§"1'§€ FgIves apga‘ijf-‘%?fi/
use ot her portions of the control circuit, coupled to said receiver element, w]uch d.ecodes

the data symbols and the selective call address included in the FM signal,
10 and which generates an alert signal when the selective call address
matches an address stored in the selective call receiver;
a sensible alert, coupled to the control circuit, which is responsive
to the alert signal for genexating a sensible alert signal; and
an automatic frequency controller, coupled to said receiver
15 element and said control circuit, the automatic frequency controller
comprising '
an error detector, coupled to said control circuit, wherein
said error detector determines error rates of at least two subsets of the
data symbols, each subset comprising a plurality of the data symbols
20 modulated at a unique one of the plurality of frequency deviations, and
 wherein the at least two subsets comprise data symbols of the two
opposite polarities, .
a frequency controller, coupled to said error detector,
wherein said frequency controller generates a frequency control signal
25 based on the error rates of the at least two subsets of the data symbols,
and
a local oscillator, coupled to said frequency controller and
said receiver element, wherein said local oscillator is controlled by the
frequency control signal to align said receiver element to the FM signal.
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m croprocessor, and the error rate nenory 310 is preferably i npl emrented in
an electrically alterable random access nenory portion 20  of the

m croprocessor. Referring to FIG 4, a timng diagram showing a standard
protocol used for digital signaling in the radi o conmmuni cations systemis
shown, in accordance with the preferred embd ment of the present

inventlon The standard protocol is preferably a nmessage coding f ormat used
for the 25 nati onal pagi ng system of the : Post OFfice, and which
is widely used by nmany radi o conmon carri ¢ F|ge providers

t hr oughout the world for communicating nedsameMORYdi i ~radio signals to
sel ective call receivers, including pager %ﬁ%rotocol iI's
commonly known  as t he POCSAG signallqggp ®rmat . Each 30

transmi ssion 400 of the digital radi “indl udes pPnA82 i nformati on
transmtted at a bit rate of 512 bitg ‘ ¢ POCSAG syst ens,
or 1200 and 2400 bits per second for
transm ssion 400 consists of a prea
of selectively arranged code words. -

113 o m\

CONTROL CIRCUIT
ad

RECEIVER
ELEMENT

104
‘ IF
N~ FILTER

- CONTROLLED
FREQUENCY
REFERENCE

MasAd syst ens.

,|Ef | ".‘*

-h

®  FIG. 1



35 . of ‘reversed binary logic states (or data synbols) 1-0, 1-0, etc., thus

providing a predetermned pattern of the binary data synbols. The - Date: =

18 MAR 1996 12 preanble 405 has a duration of at |east 576 bits. A code

word is a 32 bit
synchroni zati on
Bat ches of code
which is an 5

conpri ses one synchroni zati on

code words whic
two address code
two data code wqg
contain the sane

data sequence which contaigﬁpinfornation either for

or for addressing an individual se ive call receiver.
words begin with a 32 bit synchrgni zati on code word 407

i nvari ant predet ! " ce. Each batch
address or data
mes each cont ai ni ng

Ode word 407 and sixte
into_eight separate fr

are subdi vi de

words, or an ta code word, or
rds. Subsequegtl batches in any nessagel §ransmi ssion 10
format of a B2 bit synchronizati on wo 40?2ﬁfllomed by
206 ' o
L ]
Fi ' F2 Hz
215 220
- -
F3 F4 Hz
_ —_
~ 230
225 _ -
F5 Fé . hz
236 240
' -
0 F7 F8 Hz

FIG. 2



ei ght frames, each containing two address code words, or an address code
word and a data code word, or two data code words, for a total of 16 N
address and/or data code words in a batch. The. addr ess and data code mora%w””,_
are grouped into eight frames 15 nunbered 0 to 7. The entire selective
call receiver address popul ation is sinilarl3divided into ei ght possible
groups, thereby providing each group with a battery saving capability. Each
selective call receiver address is.# “% ed to one of the corresponding

ei ght frames accordlrng--t 6= t-he~t hree l—ea-st-— qi gni 108ant bits of its 21 bit

code word identity. Thus, al j cal |/ receivers having addresses
whi ch end in 000 wodl and simlarly, all

sel ective call receiv : fsslcode wor d endlng in 111 woul d be
in frame 7. Address,cods : P bigt struct aRd-Rjt 1 of an
address code word 410 is arwhg pwn i n Fl G uﬂ’ =119 are the
address bits 25 codrespondi |l most signifgl ] its of the 21
bit identity sequenqe assi gneu di vijdual sele all receiver.

The three | east significant bitsf of the 21 pit identity|sequ 1&re not
transmtted since —_——
/ !l - -1 -"—""F--"~=-7T~-~-- 1
i | 1 |
| l 05
' ERROR

L I DETECTOR |
i I | t
b b a0 '
l 1 | \ |
l |
b : ERROR RATE :

o MEMORY
| | | ' |
b a0 ! !
L [ | 317 |
| 1 | I
I LOCAL | FREQUENCY |
i . OSCILLATOR [ CONTROLLER I
l \ ' | |
I |
I l
i l
I |
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1 ]
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they nerely serve to define the franme in which the address code word nust

be transmtted and are therefore derivable fromthe frame position 30 in a
batch. Bits 20 and 21 are two function bits which are usé€d to select the - &%
requi red addresses fromthe four possible adgresses assigned to the o
selective call receiver. Bits 22 to 31 are p ﬁ'ty check bits and the final
bit, bit 32, is chosen to give even parity. The decoding systemw || only
exam ne address code words in a designated frame, and therefore, each 35

selective call regei VPEI%EIAS ﬁ&dre s cCoOFFRBTd isfonly tranSECOND iANDhe
frame that is allpta MBLEZ \BATCH . SAFCHES
Date: 18 MAR 1996 | - datd COUE YWOIrp afSo nmas ajs2[ DIt Structure, asg :
for the address " 4. Howeve($Chit 1 of the data !’_ ¥

word is al ways 1,'

REVERSALS
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101010 ETC. NUMBERS

e

/ / = :~‘“*-—
S |
/4 BIT 112 TO 10(20/211 22 TO 31 |32]
7 -
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/' [ = -
/ ] Q =t =i
"o h; ADDRESS : P&%IJKY =
/ (18
/ / ADDRESS = Q.
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i dentifying the code word as a data code word. Bits 2-21 are the data bi ts

corresponding to the nessage digits, . as in a nuneric page, or the nmessage 5

characters, as in an al phanuneric nessage. Five 4-bi't BCD nuneric diigitsy
or al nost three 7-bit ASQ | al phanureri c chgigcters can be transmtted in
the data bits of each data code word. Bits to 31 are parity check bits
and the final bit, bit 32, is chosen to gjwe—ewen=Qarity, as for the
address code word. 10 Each code wor{d, it is a synchronization
r T 8 t he sane 32
bit fornmat in which the nost significant bit i¥ tranSr tted first. The
POCSAG si gnal i ng protocol has reservg ords for the
synchroni zati on code word, and the r synchroni zati on
code word 407 is shown in FIG 4 wt| t bit in bit
position 1, and ast_significant bif The address, data
and synchronization code wor ds described q error
correcting blocK codes called Bose - e VE‘ yhem (BCH). The BCH

(31,21) code wor{d plus an over all e nDEMODULATE AND
. - |DECODE INTERCEPTED

'DETERMINE ERROR
RATES OF 1ST AND
2ND DATA SYMBOL

STORE 1ST AND 2ND
ERROR RATES

DETERMINE DIFFERENCE OF
AVERAGES OF N 1ST AND
2ND STORED ERROR RATES

1ST ERROR

_ N RATE > 2ND
‘ { N &
INCREASE FREQ
CONTROL DECREASE
SIGNAL FREQ CONTROL

[ STORE NEW VALUEOF §  g2p
FREG GONTROL SIGNAL |




20 - parfity bit used in the POCSAG protocol provides a Hamming di stance of .
six which leads to the error correction and detection capabilities of: %@Q
Any one or two bit errors can be corrected 2.) Any random 3 bit errors“_
can be detected. 3.) Any'single error burst of length not exceeding 7 bits
can be 25 detected. 4.) Any S|ngléﬂghrst of length not exceeding
4 bits can be corrected. Correction and detection of random errors and
burst | engths are dependent upon the hamm ng dlstance as mell as the code
word 30 generating polynomal. Suitable error ca ;

met hods descri bed ‘above can be extended to oth
code words as a neans to performerror correctfio
ordinary skill in the art. O her known pr ot og
correction and detection, through the use of “E
FLEX and Gol ay Sequential Coding (GSC).

;mrotocols t hat
-an@&ENGPBER on
hat orOVIde er;

| RADIATION FIXTURE
105 — "RECEIVER /
7( SEGTION s
105 “7( RECEIVER /
SECTION

EGEIVEFI
SECTION

106 —

FIG. 6



REPLACEMENT SHEET 14 The 21 bit binary sequence for selective call receiver
identity in the POCSAG signaling protocol allows for over two mllion -
-combi nat.i ons. of possibl e addresses for.selective call receivers. The

addition of the two function bits providesS a pptal of eight mllion nessage

conbi nations 5 conprising batch signaling fu ions and sel ective cal
recei ver addresses. It will be appreciated that other protocols provi de
ot her predeterm ned data synbol patterns, such as_pggudo random patterns

and/ or other error correcting encodi ng techni qugs, Such as BCH codes of 10
ot her lengths. or two di nensional block cod

. ST n be used with the
preferred enbodi nent of the present inventtiEhﬁJ ovfde the sane benefits
described herein. Referring to FIG 5, a fjlowchart sfowi ng a method used
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selective call receiver for aligning the selective call receiver of FIG 1

is 15 shown, in accordance with the preferred ‘enbodi nent of the present R
i nvention. When the selective call receiver 100 is turned on, the T
control | ed frequency reference 115 sets the initial value of the control
signal 317 at step 505 to a val ue stored in &% control signal nenory 325.

At step 510, the selective call receiver 100 generates a recovered digital
20 signal when a frequency nodul ated radi o signal having the POCSAG f or mat
descri bed above is intercepted and denodul ated. At step 515, the error
detector 305 deternmines error rates of a first and a second_sggget of data
synbol s by conparing appropriate portions. of the recover eg dlgltal si gha

to the expected preanble he first subset]|
preferably consists of all the ONs in the prea
of data synbols consists of all ' e‘
rates of the first and second sufpset of data s
error rate nenory 310 as a ¢ Dr
frequency controller 315 oy edet er m ned nunj sets of
prior 30 error rates i ] rate)
stored in

850




the-error rate nenory 310, and generates a set of average error rates, one
for each of the two types of data synbols. It will be appreciated that the
predetermi-ned nunber, N, in alternative enbodi nents, could be as srmll U
1, and, when it is Iarger, t he conpari son can done using a 35 '
cal cul ation such as a wei ghted aver g Or sets with, for exanple,
the nost recent neasurenents being X or with

REPLACEMENT SHEET Date :18 MAR 1996 1 ons. \Wen, at step
530, it is determ ned that the pd : s he average error rates
of the first and second subset &ENEBATE SIGNAL f css than or equal to a
predeternined value, V, the redei vMO TER BY05 ik aligned, and the nethod
is repeated at step 510 when a neﬁH@ETEBMNE& gl is received. Wen the

difference is determined to be gr eat STATTERN
RECEIVE AND |

DEMODULATE THE FM
_ SIGNAL

/—-—"'920

- DECODE DATA
SYMBOLS

9830

DETERMINE ERROR
RATES OF 1ST AND 2ND
DATA SYMBOL

SUBSETS

/’_ 940
DETERMINE

DIFFERENCE OF 18T
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IS
1ST ERROR
RATESW?
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than the predetermined value, V, the error rates of the first afd'48CHHET HAS BE
subset of data synbols are .conpared to deternmine which error rafle is %ff““"ED '
at step 535. When the error .rate:-of the first subset of data synbals 187~ %%
determ ned to be greater than the error rate of the second subset of data

10 synbols the frequency control signal is increnented in a first sense at’
step 540, which in this exanple is an increasing -adjustnment. Alternatively,

when the error rate gienthens IS A g){,- qi)ﬁc{ﬂﬁ?@l kerf Wﬁn t 0
be greater than the lglfrEror r_a@gﬂ;&? e irsogu set O 55?3 sygr;%o S, the
frequency control signal is increnented in a second sense at 15 step 545,

which in this exanple, is a decreasi ngAbdiractioftiné Distlosarep 550, the new
val ue of the frequency control signal is stored in the control signal

menory 325, and used for setting the frequenc f the controlled fregyency
reference 115.. The net h%dn#goﬁébﬂﬁﬁde@%#v&‘%@ﬁi fqr MB\?&F“‘F‘H‘E‘IQ&&W

gppr opriate adpr ﬁdefl‘hé ihethdd has acstep bfsintereeptirgylared demodubiting thé FM sigral,| |
e RPN GEOY e ik
error rates, in which the error rates of at least two subsets of the data
symbols are determined. Each subset includes a plurality of the data
10  symbols modulated at a unique one of a plurality of frequency
deviations. The at least two subsets include data symbols of two opposite
polarities. The method has a step of generating a frequency contro:
signal, in which the frequency. control signal is determined based on the -
error rates. The method has a step of aligning a receiver section (105), in
15 which the receiver section (105) is aligned to the FM signal by controlling
a local oscillator (320)which is responsive to the frequency control signal.

This Sheet Has Been Repiaced ':

iy




i S —

predeterm ned synchronl zation words 407 of the POCSAG formal %Ei‘mﬁd:'béL;ﬁ%adEET
orkra predeterm ned pattern of.another protocol could be use. @mR@%
art. exarrpl e, the error ratés of the first and second data sy rﬂéﬁts (,la --------------

det erm ned. by generat| ng a corrected digital signal using thEerrorf
correction capability of the transmitted codelwords 410 when the POCSAG
format is used and conparing the received digital signal to the corrected
digital signal. Error .correction encoding of data symbols can be 30 . used

i n other protocoMEFHODIAND APPARATUS FOR ALIGONING A DIGITIMPRECEIVER t he
frequency correction determ-ned by the error correction and detection

capabi lity provided therein. Low error correction capabilities of a
protocol will result in longer delays to achieving optimal alignment, and
i nsufficient error detecti on. rray cat'ﬁ-‘teidldisﬁlﬂblﬂvehyiomnd fal se 35
-aI i gnment . 5 16 '
This invention relates in general to alignment of a radio receiver to
a radio signal and in particular to optimizing the alignment of a radio
receiver which receives a radio signal which is frequency modulated by a
. digital signal. ' '
- BACKGROUND OF THE INVENTION

Radio reee_iVefs,'such as pagers, which receive radio signals
frequency modulated by digital signals, are designed to be very small and
15 inexpensive, and typically use both frequency determining circuits and
- bandpass filters. The frequen_ciy determining'circuits and bandpass filters
have charectefistics that are detei'mined at the time of manufacture and
which vary from part to part. The "frequenc'y_ determining circuits and
bandpass filters also have characteristics determined by time and
20 temperafure. For example, the harmonic frequency of a crystal has a part
to part make tolerance, as well as time and temperature dependent
~ tolerances. As a further example, the peak frequency, the bandwidth, and
 the shape of the frequency response curve of a bandpass filter have a part
to part ntake"tolerance} and some temperature dependent tolerance. The
25 sensitivity of radio receivers using such frequency determining circuits is
- affected by these characteristics, as well as an offset of the radio signal
‘being received. The sensitivity of the radio receiver is the ability of the
radio receiver to accurately recover information when a radio signal
‘being received is weak or distorted. The offset of the radio signal being
30 received is the difference of the carrier frequency of the radio signal being
' received from an expected value of the carrier frequency of the radio
. Signal,'_ The sensitivity of the radio receiver is optimized when a local
oscillator in the radio receiver converts the carrier frequency of the radio
. signal to'an intermediate frequency (IF) which is optimally aligned to -
:35  one or more IF filte.rs__having a cumulative shépe and a bandwidth
optimized for the characteristics of the radio signal being received.
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Referring to FIG 6, an electrical block diagramof a factor) ﬁtsmrg“wzc-r
setup used for allgnl ng one .or nore of the selective call regeivers

FI'G 1 is shown, in accordance with the preferred embodi ment ||obas he presen th
invention. The- fact ory alignnent set up conprises an encoder to=——=_640— .
coupl ed to an FMtransmitter 610. The encoder 2640 generat es a digi tal

signal , which in the exanple used herein is a POCSAG si gnal . The FM

transmitter 610 generates a radi o signal having a total nodul ation

devi ation-set ‘to t hEodasiadie réd‘en‘/eﬂ tisihg wddwgﬁltdp rb/arlchxvcﬂvﬁ{g YRy ith hi's

T05 bt “one_or meet afd el pAFR SRy ARMERtE pabl YR R rn fbly 0 10

section 103 coupiapabilivy; the d&srgn eppmhchrlasugpmﬁllyabeuhzed:m thHbusdoth i s used
he f

in the factory afrécﬁ][kfi‘ﬁgtdégf&{ﬂuﬁgccgﬁmat tts ‘é’éfe@% %6%43&@@@?%%%1%&&

section 105. It recla e ca
modul at ed ra8i o WPTRk&RSE @°It~4ié10ﬂé alletoleyapeesp imcluding past tpazﬂrat ed manner 15

through the ant Q@ﬂ'@&é&reaﬁn&ﬂthﬁe&ok@ﬁhéﬁs‘ Withdud H{cﬁxd \‘\?' dutoRPmt gpuﬁm of
ordinary skill i. he ercept. an

t rt.. - The. recei v ment s
demodul at e ¢ he i B S e s e Bercepl and ) 105

c1rcu1ts, wh1ch are well known to one of ordinary skill in the art. Th1s '
approach has worked well, but this approach limits the receive

10 | sensrt1v1ty performance in comparison, for example, to that which can be
- achieved in radio receivers which have relatively high speed, high
- power circuits, such as radios using synthesized local oscillators and
digital signal processors, wherein sophisticated automatic frequency and
-automatic phase control circuits and methods have been used to
15 optimally align the local oscillator. When optlmal alignment ‘methods,
) "1nclud1ng automatic frequency control are not used, the sens1t1v1ty is less
than optimum | because the bandwidth of the IF filter must be widened to
‘accommodate the part to part time, and temperature varlatlons of the
fllter (or cumulative filters, when more than one are used), the local
20  oscillator reference (typ1ca11y a crystal circuit), and the expected rece1ved
carr1er offset. '

One method of opt1m1zmg receive sensmvrty used in pagers is to
optimize the part to part variations of frequency determining circuits,
such as a crystal c1rcu1t by making adjustments to the value of a part,

25 suchasa capaator, in the crystal circuit. For example, a mechanically
- variable capacitor is ad]usted or a capacitor is laser trimmed in a factory
procedure to optimize the frequency of the crystal circuit. Alternatively,
ina pager having a voltage controlled oscillator, a correctlon value to -
optimize the nominal oscillator frequency can be determined and stored
30 ina factory procedure. These procedures typ1cally ad]ust the nominal
(room temperature) frequency of the frequency determining circuits
accurately, using a factory standard frequency reference. |
- Using a factory sfandard frequency reference procedure corrects for
part to part variations of parts, such as crystals and capacitors, in the’
35 frequency deterrnining circuits, but does not adjust the frequency
determining circuits to compensate for part to part variations in other
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is then aligned using the factory test setup and the align MEFRACHAEENT SHEET -
described above in accordance with the preferred enmbodi nent the]2 QAR EEE
present invention, with the resulting new value of the fre SCvontT
signal, deternlned at step 550, being loaded fromthe encoder 640 I nt'o the
selectlve call receiver 100 and stored in the3control signal menmory 325 as
-the initializing value used at step 505, when the sel ective call receiver
7100 is turned on. It will be appreciated that this al i gnment nethod, 25-

whi ch al | ows si rgjthARCQHeh ekla&nim@ﬁm@ala@e %q&ahéy m@& s&ae' \dﬁustﬁ?&f’c' ons 105
in accordance W|th cgg%pgmerre odi nent “of t: ent 1-nvention using

one encoder 640 YAH PPHﬁEﬁ?tt @ reeeIe ?%“%EHYrﬁfrt eRageEi ent t han
prior art nethodgnfériahately, Preseitly ansilisleproeedsretinoohal the tiseTef aR0

Ref to FIG |__.bl ock of ] |
Fecel ver 700 haviTiios SRRl ﬁé%a&%yoﬁ%étlgtéﬁéa 3aRe Bk SR R dance
‘with an al t eSnatoutpuésigrdilnwhiclotnustdepmessuredi tovdeteimine a'rrelasls?le@am\mt cal |
recei ver 700 Opev‘z?rtiﬁfst g{ré gféb%;:ﬁ}gﬂ*'&cfe?ttb%r?yﬁﬁ e ﬁd}ubﬁf\@ﬂtcﬁ)oopﬁnﬁféj' 0

signal ‘having a reque
_ e receive sen31t1v1ty to compensate for part to part variations in an

1ntermed1ate frequency filter. This method is too slow to achieve the

——_—*-

| .manufacturmg costs necessary to attain competitive pricing.

10 Another method of optlmlzmg receive sensitivity in a radio
receiver having a voltage controllable oscillator and a controller i is to
ad;ust frequency det_ermmmg circuits during the use of the radio
receiver. This method compensates for time and temperature
variations, and can also compensate for the part to part variations when

15 . they are not severe. This method has been accompllshed in some radio

' receivers by analog techmques, which require additional circuitry in
radio receivers which are digital in nature, such as an alphanumeric
pagers. This method has also been accomplished in other, sophisticated,
radio receivers such as cellular radios and commercial portable radios.

20 These sophisticated radios have employed digital signal processors in
conjunction with microprocessors for phase locking the radio receivers
to a received d1g1ta1 signal, thereby optlmlzmg the receive sensmv:ty of
the radio receiver. _ -

Thus, what is needed is a method of opt1mlzmg the sensitivity

25 performance in very small and low cost radios which receive radio

 signals frequency modulated by a digital signal, ‘which method is usable
in a factory alignment method of the radlos and/or durmg use of the
radios.

30 -  SUMMARY OF THE INVENTION

Accordingly, in a first aspect of the present invention, a method
used in one of a factory setup and a maintenance setup'is for - ,
-automatlcally ahgnmg a receiver sectlon of a selective call receiver. The _

35 method includes the steps of generatmg a frequency modulated (FM)
signal, receiving and demodulating the FM signal in the receiver section,



¢

35 which is frequency rodulated with a digital signal. Th semes 3
receiver 700 is identical to the selective call receiver 10§ exc%g%&li\){%f w':‘:f

tHe  REPLACEMENT SHEET Date: 18 MAR 1996 17 sel ective call [[rsggiverl DMAR 1998

has a fixed frequency reference 715 instead of the control | ed=kreguency”
reéf erence 115,  and the control circuit 106 is4not coupled to the fixed
frequency referenCe 715 to control . the frequency thereof. The fixed o
frequency reference 715 generates a.local oscillator 5 signal which is.

coupled to the aesies o ShenBRledh pTheal LKL LEANERCHAFRELBIE ARID

conprises a conven

crysta OI’ Ctrc

0: one of -

ordi nary skill mrqrh@terdeteanmmg apecoademror rajenend aligning the teceivesard to .-
whi ch the recei \4gétiGh.eR the & @pgamsﬁﬁg ReSFMY SiEnAD YK BRI sipR8L & rcui t

board. to Wh_l cht re%elr'aetggIfl"()er;1 are ererzl'l[ce159)%.)’1réaend”I'l'ure1 M signal includes a _
.5 predetermmed pattern of data symbols Each data symbol modulates the

10

15

20

25

35 -

FM signal at one of a plurality of frequency deviations. ‘Each of the
plurahty of frequency deviations has one of a first and second polarity.
In the step of decodmg the predetermined pattern of data symbols, the -

.' predetermmed pattem of data symbols is included in the M 51gnal

which is demodulated in the step. of receiving and demodulatmg In the

step of determining a first error tate, the first error rate of a first subset of

the predetermined pattern ‘of data symbols is determined. The first

subset of data symbols includes a plurality of data symbols modulated at
the first polarity. In the step of determining a second error rate, the’

'second error rate of a second subset of the predetermined pattern of data
'symbols is determined. The second subset includes a plurality of data

symbols modulated at the second polanty In the step of aligning the

receiver section, the receiver sect1on is aligned based on the first error

rate and the seeond'error rate determined in the determining steps.
Accordingly, in a second aspect of the present invention, an

" automatic frequency controller is coupled to a receiver element. The -

receiver element receives and demodulates a frequency modulated (EM)
signal. The M signal includes a plurality of data symbols.” Each data
symbol modulates the FM signal at one of a plurality of frequency

‘deviations. Each of the plurality of frequency deviations has one of two

opposite polarities. The automatic frequency controller includes an error
detector, a frequency controller, and a local oscillator. The error detector,
which is coupled to the receiver element determines error rates of at
least two subsets of the data symbols, each subset comprising a plurality
of the data symbols modulated at a unique one of the plurality of
frequency deviations. The at least two subsets comprise data symbols of

) the two opposite: polarltles ) The frequency controller, which is coupled
' to the error detector, generates a frequency control signal based on the
error rates of the at least two subsets of the data symbols.  The local

oscillator, which is coupled to the frequency controller, is controlled by
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10 local oscillator are nounted is a receiver section 105.

caII receiver 700 is preferably similar to a Meno Express [grr] no

pager manuf actured by Mdtorola, Inc., of Schaumburg, |11inpildate butl. 48aMAR1998
.alternatively may be another of many selective call receive

a fixed frequency reference. 15 - - The sel gctive call recei ver 700 is

representative of other portable and nobi | e devi ces which include fixed
f requency references for receiving a radio signal which is frequency

modul ated by a th'ffe‘l’;lueﬁgﬁrcghpagﬁ%ﬂ 13550 ARk G Kl Gfiend AClHIdaPOT ab'ef |

and nobil e tel ephones e comuni catl on transceivers
‘such as trunkedslgﬂﬁ 0S. : . Referring to FIG 8, an electrical block

di agram of a factor)«cabtcnﬁg@ntm%eﬂﬁfu u§Satt fg¥rthalprasumantvestios| £sélevgveal |
recei ver 700 of F

d t
et ment Jof t ol seedued s e tocestidien d rrﬂ@@?\ﬁ?% vlgpﬁfﬂeﬁlMiats'@l To6pr i ses
an FM transnbt t &M Gighaltindndge dataas)anbalsr dfiah datgrsyimbulunodulatésttel FM

"° 050, S e Bl s P B, ERBOY RS,
cal | rece| ver 7006 freq\@npy)td@lvlqtmnsahaamne of two opposite polarities. The FM o '
signal further includes a selective call address The selective call receiver
includes a receiver element, a control circuit, a sensible alert, and an
10 automatic frequency com:roller The receiver element receives and
demodulates the FM signal. The control circuit, which is coupled to the
_receiver element, decodes the data symbols and the selective call address
included in the FM signal. The control circuit generates an alert signal
- when the selective call éddress matches an address stored in the selective
15  call receiver. The sensible alert,_Which is coupled to the control circuit, is
' respons'i\}e to the alert signal for generating a sensible alert.

The automatic frequency controller, which is coupled to the receiver
element and the control circuit, includes an error detector, a frequency
controller, and a local oscillator. The error detector, which is coupled to

20 the receiver element, determines error rates of at least two subsets of the
data symbols, each subset comprising a plurahty of the data symbols |
" modulated at a unique one of the plurality of frequency dev1at1ons The
at least two subsets comprise data symbols of the two opposite polarities.
The frequency controller, which is coupled to the error detector,
25 generates a frequency control signal based on the error rates of the at least
| two subsets of the data symbols. The local oscillator, which is coupled to
the frequency controller, is controlled by the frequency control s1gnal to
align the receiver element to the M signal. .
Accordmgly, in a fourth aspect of the present 1nvent10n a method is
30 used in a receiver for aligning the receiver to a frequency modulated
(FM) signal. The FM signal includes data symbols. Each data symbol
modulates the FM signal at one of a plurality of frequency deviations.
Each of the plurality of frequency deviations has one of two opposite
~ polarities. The receiver includes a receiver section which is aligned by a
35 local oscillator. The method includes the steps of 1nterceptmg and
| _ demodulatlng the FM s1gnal 1nclud1ng the data symbols, determmmg
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i s equal to the net difference of the positive and negative ([OUERLAGESAENT SHEET
deyiations. It will be appreciated that -the cable 615 may co.pl et %mm
si gnal directly to a test point. of -.the receiver section 105 hetdigesn-t .

antenna 113 and the receiver section 105, or may coupl e the radio srgnar to
the receiver section 105 in a radiated manner éhrough t he antenna 113, as
with a calibrated radiation fixture, well known to one of ordinary skill
the art. The receiver elenent 103 intercepts and denpdul ates the radi o

si gnal as descr | gadraleup geferding P qaBhép boP4gnb a0aUsll@ing g thé
recei ver section_105 EFIy a f|r

d od
transnitted frontHEVETesesHion, iBI tg‘ﬁesrtﬁp ?ggeiqmlf‘&% %%oggﬁ'@&'e%ec%ﬁ& gqltg
REPLACEMENT SHEE®Rt kasB4%0o cabsetsiof thedatd sygnbelstare deterndhedn Eath stibgetl aser -

EtegH on 830 throygh 8es & WHfhifi§Ueind Hara I?Eubo?ssﬁfodﬁlé‘ttedoﬂ ST befe 8t higser
L 5  plurality of frequency dev1at10ns The at least two subsets include data
symbols of the two opposite polarities. In the step of generating a
frequency control signal, the frequency control signal is .determrned o
based on the error 'r_ates'determined in the determining step. In the step
- of aligning the receiver section, the receiver section is aligned to the FM
10 signal by controlhng a local oscillator responswe to the frequency control
signal.

BRIEF DESCRIPTION OF THE DRAWING

15 "FIG.1isan electrical block diagram of a selective call receiver
" having a voltage controlled frequency reference, in accordance with the
preferred embodrment of the present invention.
'FIG. 2 is a set of frequency plots of a digital radio signaland a
'response of an intermediate frequency filter used to align the selective
20 call receiver, in accordance with the preferred embod1ment of the present
invention. :

_FIG. 3 is an electrical blb_ck_ diagram of a controlled frequency
reference and a receiver element used in the selective call receiver, in
accordance with the preferred embodiment of the present invention. |

25 FIG. 4 is a timing diagram showing a standard protocol used for
' d1g1ta1 signaling in a radio communications system, in accordance with-
the preferred embodiment of the present invention.
- FIG. 5 is a flow chart showing a method used in a selective call _
receiver for aligning the selective call receiver, in accordance with the
30 preferred embodiment of the present invention.
| FIG. 6 is an electrical block diagram of a factory ahgnment setup
*used for aligning one or more receiver sections used in the selective call
receiver, in accordance with the preferred embodiment of the prese’nt
invention. | '
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whi ch burns away a portion of ‘a laser trimmble capacitor ( h’@)gp@ﬁégmém J?_,c‘._.T
threby’ incremental ly adjusting the frequency of the fixed fifequengy 5
reference 715. The signal coupled to the decoder/controller 84)@te|_§___,t,_|§§MAR '998
‘denpdul at ed .signal fromthe receiver el enent 103. Alternati Velyp—whes the """ |f
recei ver section 105 and control. circuit 106 & e coupl ed toget her duri ng.
the alignment of the receiver section .105, the signal coupled to t he
decoder/control |l er 1840 can. be a decoder signal fromthe control" 10 circuit

106. Referring tO F'I@G 2 1s%nfél@&vri%ﬁﬁblocli%ﬁ§% a%%a%el@%hb@@aﬁ%‘é@erb@r .
factory for ali ﬁ§e§ﬁel ver section 105 use ctive call =

recei ver 700 of - HRanench rﬁeﬁﬁ?‘iﬁi%@cwmnﬁéﬂ’@l‘@@r fgrnatve
enbodi ment of tkmnbodmaeht loﬁ\thetpresentl invieneioal t er nati ve enbodi nent of 15

t.h t t f
et anasecond b ?393 356 AR et SAPLI0R Xl BE RISLEE0 R REARARE befdh ©
si'gnal gener & edussd farealigning aneaceivies section uspd dh the selective cell ceceiver of
calibrated to begy, eﬁllﬁeddoﬁiaﬂclawﬁqﬁ@ta@{eﬁm EAMoikeRHUE RRY ?@setnlﬁe

sel ective call receiver 100, at . step 900. The first and secon ata syrrbol S
1nvent1on

FIG. 9 is a flow chart describing'a m_ethod used in a factory for
~ aligning the receiver section, in accordance with the alternative
10 - embodiment of the present invention.

DE_TAiLE_D DESCRIPTION OF THE INVENTION

| Referring _to'FIG_. 1, an electrical block diagram of a éeleetive call
15  receiver 100 having a controlled frequency reference 115 is shown, in
accordance with the preferred embodiment of the present invention.
The selectlve call receiver 100 operates in a radio communication system
to 1ntercept a radio SIgnal having a predetermined carrier frequency
which is frequency modulated (FM) with a digital signal. The FM radio
20 signal is intercepted using an antenna 113 which is coupled to a receiver
“element 103. The receiver element 103 operates to amplify, convert,
filter, and demodulate the 1ntercepted radio signal. The demodulated
- signal is coupled from the receiver element 103 to a control circuit 106,
~ which includes conventlonal control logic for decodmg the demodulated
25 signal, including a selective call message, in a manner well known in the
art. The de'rhodul_ate_d' digital signal is.éo_u..pled through the control
circuit 106 to the controlled frequency reference 115, which generates a
local oscillator signal which is coupled to the receiver element 103. The ~
local oscillator signal is used in the receiver element 103 to convert the
30 received signal into an intermediate frequency (IF) signal by converting
the carrier frequency into an intermediate frequency, in a conventional
manner well known to one of ordinary skill i in the art. The receiver
element 103 cc_)mpris_e_s an intermediate frequency (IF) filter 104 used for
removing undesiréble frequency corrlponents from the IF signal in a
.35 conventional manner well known to one of ordinary skill in the art.
' The selective call message compr1ses an address, a predetermmed pattern



20 . nodul ate, respectively, the radio signal at two frequenﬁ Rdévl*-@#’ﬁoﬁm—!:ﬂ
The predetermined pattern in the alternative enbodi nent of t %)rese\jte MAR 1998 |
‘invention has alternating first and second data synbols. ‘A fI, Y Tk
synbol subset consists of a plurality of the first data synbol's Tdentitred ——=
within the predeterm ned pattern, and- a secong data synbol subset 25 . ‘
consi sts of an equivalent plurality of the second data synbols identified

wi thin the predeterni ned pattern. The radio signal is coupled to and

denodul ated by t T er

domodul ated bY WIBiagheRbariath, SERRPInd il Binglifhotbhial Bich 868 Ver .,
the receiver el éﬁbphomesnanbemlalphamm@qu@rdgtax ef graphies.7 % Caneerﬁimmalcat ed,
30 the frequen%@ﬁoe,; 1Q@ewhl:cl~§ét6l’é§ §P§éd‘et@fﬂ1ﬁ?éd aaaﬁesm@% géﬁﬂﬁ dranner,

havi ng nodul at ed IF ?: ﬁ_ Su as s |'s 2%q5 re not
symetrical in CRBUPEC Fl’“tt iL AT cﬁlﬁ:m %Esefl“rlh%rr?ﬁﬁﬂ b Y
which is a part 162 ahldeaﬁerxsiﬂlefaﬂeﬁ dgvicefa8emhe cohtral atircingt lossmmparewed

o becone. Symetht aRr REghdhel fEOﬁ%'%a%ﬁ?flt& R B Schre he
| F signals 205, pze@et(eFﬂr@eQ)add'ﬂse sflexscdizy theomenudryel20 and continues .
‘processing the message when the comparrson meets predetermmed
* criteria. When the comparison does not meet predetermmed criteria,

10  the selective call receiver 100 stops the processing of the selective call
mesSage. When the comparison does meet the predetermined criteria,
the control circuit 106 further processes the message as determined by the
contents of the recovered selective call message and the settingé of
controls 116, the selective call receiver 100 may further process the

15  selective call message by presenting at least a portion of the selective call
message, using the display 152, and by signaling a user via the sensible

~ alerting device 118 that a selective call message has been received. The
information whrch is displayed can include a short message such as a

- 'phone number or a longer message such as a alphanumeric inquiry or a

20  small map, any of which can be presented on the display 152 by
- manipulation of the controls 116 on the selective call receiver 100. It will
. be appreciated that the selective call receiver 100 could be of the type

~ which also transmlts messages and/ or acknowledgments by means of
radio signals.

25 The selective call receiver 100 is preferably srmllar to a Memo
Express ® model pager, manufactured by Motorola, Inc., of Schaumburg,
Illinois, modified to have the controlled frequency reference 115,
described more fnlly below, but may alternatively may be another of
many selective call receiver radios modified similarly.

30 The selectlve call receiver 100 is representative of other portable and
mobile devices which include controlled frequency references for
receiving a radio s1gnal which is frequency modulated by a digital 51gnal
Other such portable devices include portable and mobile telephones and

_ | portable and moblle commumcatron transceivers such as trunked radios.

35 Referrmg to FIG. 2, a set of frequency plots of a digital radio signal
and a response 203 of the IF filter 104 .used to align the selectlv_e call”
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REPLACEMENT = SHEET Date: 18 MAR 1996 19 840 decodes the derm:it'ﬂng-éﬁE”iE@’ﬁaﬁHEcT
-coupl ed fromthe receiver elenent 103 at step 920, generatijp W@F
of denodul ated-dat a synmbol's, corresponding, respectively, 't|p e thwo-data’

synbol subsets of the predeterm ned pattern-of data synbol s’ At step 930"
the 5 decoder/controller 840 deternines the9error rate of each of the E
first and second denmodul ated dat a synbol subsets by conmparing the values of -~
the denpdul at ed data symbol subsets recovered fromthe received radio '

signal to the ccrétaeepmtl agFI@J Lgsslidwihin @crcoel&éxecremvnﬁotheaprbﬁa'rted n the
transmtted radiQ

symbol subset er%$ ‘%ﬂe&t i‘fdl {ae:;%\[‘ﬁgg’% 1fo§1§ h@‘@l%%htﬁ%grgsﬁ ﬁxgsoeg gh?‘gf‘e of
t he f irst data <SG 2hasclow frefjuencyt tratnoff 208 qt &L, a bigh frequengyr eritnzf 210
_ at F2, and a center frequency (not shown) half way between F1 and F2.

5 _-The resultant IF filter bandwidth, F2 - F1, can be a combined response of
one or more filter dev1ces, as W111 be understood by one of ordmary skill
in the art. © . '

The radio sxgnal is frequency modulated in this example by a d1g1ta1

51gnal comprising binary data symbols. The modulation generates |

10  deviations of the carrier frequency of first and second polarities, negative

and posmve, corresponding, respectlvely, to first and second states of the
binary data symbols. In a first example in which the modulated radio

signal is symmetncally aligned with the IF filter 104, after the mtercepted

_ radio signal is converted in the receiver element 103 to the IF signal, the
15 modulated IF signal 215 has a negative deviated frequency of F3 when

~ the digital signal is in a first of the binary states. Frequency F3 is equal to
the IF minus one half the total FM deviation. The modulated IF signal
220 has a posmve deviated frequency of F4 when the digital signal is in a
second of the binary states. Frequency F4 is equal to the IF plus one half

20  the total FM deviation. In this case the devx_ated frequencies F3 and F4
' fall with in the cut off frequencies of the IF filter F1 and F2 and the
resultant data symbol error rate for both dev1ated 51gnals 215, 220 will be
-equal.
In a second example in which the modulated signal is misali_gned
25  with the IF filter 104, when the intercepted radio signal is converted in
the receiver element 103 to the IF signal, the modulated IF signal 225 has
a negative 'deviated' frequency of F5 when the digital signal is in the first
of the binary states. Frequency F5 is equal to the IF minus one half the
total FM deviation.  The modulated IF signal 230 has a positive deviated
30 frequency of F6 when the digital s1gnal is in the second of the bmary
' states. Frequency F6 is equal to the IF plus one half the total FM
" deviation. In this second example, wherein the negative deviated
: _frequency F5 falls below the low frequency cutoff 205 at F1 of the IF filter
104, the modulated IF s1gna1 225 is attenuated resulting in a high data
35 symbol error rate of the one bmary state. Since the positive deviated
o frequency F6 falls between F1 and F2 of the IF f11ter 104, the modulated IF
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threshold, W at step 950, and the difference of the error r@ates of the ol

first and second data synbol subsets is |ess than or equal
predeterm ned. threshol d, V,- at step 960, the receiver secti ,
and the nethod is 15 stopp_ed at step 980. When the error rate of the
first data synbol. subset is greater than the I@redeterm ned threshold, W at
step 950, or when.the error rate of the first data symbol subset is |ess
than or equal to the predeterm ned threshol d, W at step 950 and the

difference of t@%{&q 220 W%legét gfg%ﬁaaer ﬂfg fgﬁﬁtﬁhe@ﬁl?éﬂlpﬁf tﬂlgﬁénho' d,

V, at step 960 ntro I NSt ruct s
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i ncrenent al armlgfgteat step 970; and the method is continued vvhen anot her
predet er m ned patte cei ve at ,st.ep 910 i 1| be. appreciateed that
in a selective cal I tz'ﬁfg?xafﬁﬁ %W@C%%%mq%atﬁﬁr %‘&H@ﬁ@&?ﬁ%ﬂce 715
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| F signal 240 correspon
out : si de the higl ney@w@@gm@ted fa_;equency of F7 when the digital signal is 1n the first

of the binary states. Frequency F7 is equal to the IF minus one half the
total FM deviation. The modulated IF signal 240 has a positive deviated
10  frequency of F8 when the digital signal is in the second of the binary -
~ states. Frequency F8 is equal to the IF plus one half the total FM
deviation. In this second example, wherein the positive devmted _
frequency F8 falls above the high frequency cutoff 210 at F2 of the IF filter
104, the modulated IF srgnal 240 is attenuated resultmg in a high data
‘15 symbol error rate of the second binary state. Since the negative deviated
frequency F7 falls between F1 and F2 of the IF filter 104, the modulated IF
- signal 235 will not be attenuated. This situation will result in a higher
‘data symbol error rate for the second bmary state than the first bmary
state. ' - ' : _
.20 " Referring to FIG. 3, an'electrical block diagram of the controlled
| frequency reference 115 and the receiver element 103 used in the
 selective call receiver of FIG. 1 is shown, in accordance with the preferred
- embodiment of the present invention. The controlled frequency _
reference 115 cbmprises an error detector 305, an error rate memory 310, a
25  frequency controller 315, a control signal memory 325, and a local
| oscillator 320. The demodulated signal coupled to the control circuit 106
" from the receiver element 103 is coupled to the error detector 305. The
error detector 305 determines from the demodulated signal at least two
- error rates from a predetermmed pattern of binary data symbols or by
30 error correction encoding of the data symbol 1ncluded_ in the d1g1tal _
signal, as desc'rib'ed',below. The error rates are coupled as sets to the error
rate memory 310 for storage. One or more sets of prior error rates are
coupled from the error rate memory 310 to the frequency controller 315,
, wherein the error rates are used to adjust a frequency control signal 317,
35 the value of which is stored in the control signal memory 325 coupled to
the frequency controller 315." The ad]usted control signal is coupled to
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210 at F2, and the method for ali gni ng the receiver sectlonl1‘%5533ld“é:t;Et’\@ti‘E"e§HE*:T
30 t he Iocal oscillator ‘frequency of the fixed frequency r f=rence1 8 MAR [996
until the data symbol error rate of .the positively deviated 536?13?""240--1-8 """""" _
approxi mately equal to the data synbel error rate of-the negat |ve|y =
devi ated signal 235 and the error rate of the11f|rst data synbol is |ess

than a data symbol error rate threshold resulting in a frequency spectrum

pl ot 35 as descri bed above W|th respect to the first exanple (FIG 2). It
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to baseband and
controlled local osc1llator, such as varactor controlled crystal osc111ator,

5 which generates the local oscillator signal. Alternatively, the local
" oscillator 320 can be a digitally controlled. local oscillatot, such as a digital
| phase lock oscillator. The local oscillator 320 is preferably mounted on a
circuit board to which the receiver element 103 components are also
- mounted. The circuit board to which the receiver element 103 and the
10  local oscillator are mounted is a receiver section 105. The error detector
305, the error rate memory 310, and the frequency controller 315 are |
preferably implemented in a microprocessor such as-a member of the
~ 68HCO5 family of microproceséors manufactured by Motorola, Inc. of

. Schaumburg, IL, which can be the same microprocessor used to
15 implement portions of the control circuit 106 . The error detector 305
and frequency controller 315 are preferably implemented as functions
stored in read only memory which use other portions of the
_microprocessor, and the error rate memory 310 is preferably
-implemented in an electncally alterable random access memory portion
20 of the microprocessor. : ' : .
Referring to FIG. 4, a tlmmg dlagram showmg a standard protocol
~ used for digital signaling in the radio communications system is shown,
in accordance with the preferred embodiment of the present invention.
The standard protocol is preferably a message coding format used for the
25  national paging system of the British Post Office, and which is widely
used by many radio common carrier (RCC) service providers throughout
the world for commumcatmg messages in digital radio signals to
selective call receivers, including pagers. The standard protocol is
- commonly known as the POCSAG signaling protocol or format. Each
30 transmission 400 of the digital radio signal includes binary information
| transmitted at a bit rate of 512 bits per second for early POCSAG systems,
or 1200 and 2400 bits per second for later POCSAG systems. Each
transmission 400 consists of a preamble 405 followed by one or more
batches of selectwely arranged code words. The preamble 405 is a series
35  of reversed binary logic states (or data symbols) 1-0, 1-0, etc., thus
providing a predetérmined pattern of the binary data sy_mbols. The



could be performed in the decoder/control ler 840. As anot het| GERLPCEMENT SHEET

circuit 106 of the sel ective call receiver 100 “and the co nJiaBaon .OF-

first and second denopdul ated data symbol subsgés to the pre Ted
subsets could be perfornmed in the control ciréqit 106, with the results
bei ng coupled as error rates to the decoder/controller 840. It will be 10

further appreciated that any predeterm ned pattern providing sufficient
quantities of onpreamlsleZ0bdas avdiitationfdfiatdeast 576 bitgh A oode pairtids a2 ltich as
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sebl:l>aerate frames each containing two
~.address code words, or an address code word and a data code word, or two
- data code words. Subsequent batches in any message transmission
10 contain the same format of a 32 bit synchronization word 407 followed by
| eighf frames, each containing two address code words, or an address code
word and a data code word, or two data code words, for a total of 16
address and/or data code words in a batch.
- The address and data code words are grouped into eight frames
15 numbered 0 to 7. The entire selective call receiver address population is
similarly divided into e1ght possible groups, thereby providing each
group with a battery saving capability. Each selective call receiver address
- is allocated to one of the corresponding eight frames according to the
three least significant bits of its 21 bit code word identity. Thus, all
2_0 selective call receivers having addresses which end in 000 WOuld be _
positioned in frame 0, and 51m11ar1y, all selective call recervers havrng an
‘address code word ending in 111 would be in frame 7. '
Address code words have a 32 bit structure and bit 1 of an address '
code word 410 is always 0 as shown in FIG. 4. Bits 2-19 are the address bits
25 corresponding to the 18 most significanr bits of the 21 bit identity
sequence assigned to an individual selective call r_e_ceiver. The three least
significant bits of the 21 bit identity seqﬁence are not transmitted since
- they rr'rer"ely' serve to define the frame in which the address code word
must be transmitted and are therefore denvable from the frame position
30  in a batch. Bits 20 and 21 are two functlon bits which are used to select
© - the required addresses from the four possrble addresses assigned to the
selective call receiver. Bits 22 to 31 are parity check bits and the final bit,
bit 32, is chosen to give even parity. The decoding system will only
. examine address code words in a desigrrated frame, and therefore, each
35 selective call receiver 's address code word is only transmrtted in the
frame that is allocated to that code word format.



capacitor or setting an offset value in a nmenory for establ” ﬁEPLACLgﬁgggy
locked | oop oscillator frequency. Wien the fixed frequency. H befenge
al i gned by.adjusting a nechanlcally adj ust abl e capacitor, t : ’ " bl
_replaced by a robot having a tool which is mechanically coupled to the 25 -
mechani'cal Iy adj ustabl e capaC|tor for acccnnﬂ3 shing the alignnment of -the- .
recei ver section 105. In summary, the factory alignment nmethods in
accordance with the preferred and alternative enbodi ments of the present
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receiving and
 transmitted in the data bits of each data code word. Bits 22 to 31 are parity

check bits and the final bit, bit 32, is chosen to give even parlty, as for the
~ address code word.
10 Each code word whether 1t is a synchromzatlon code word, an

address code word, or a data code word follows the same 32 bit format in
which the most significant bit-is transmitted first. The POCSAG
51gnalmg protocol has reserved a number of code words for the
- synchronization code word, and-the most commonly used
15  synchronization code word 407 is ‘shown in FIG. 4 with the most
s1gn1f1cant bit in bit position 1, and least significant bit in bit position 32.
The address, data and synchromzatlon code words described above
are a class of error correcting block codes called Bose - Chadhuri -
Hocquenghem (BCH) The BCH (31,21) code word plus an overall even
20 parity bit used in the POCSAG protocol prov1des a Hamming distance of
~ six which leads to the error correction and detection capabilities of
1)  Any one or two bit errors can be corrected
2) '_Any random 3 bit errors ean be detected.
'3)  Any single error burst of length not exceeding 7 bits can be
25 ~ detected. -

4) -Anysingle bnrst of length not exceedmg 4 bits can be '
: corrected.

Correctlon and detection of random errors and burst lengths are
dependent upon the hamming distance as well as the code word _
30 generating polynom1al Suitable error correction and detection methods
~ described above’ can be extended to other protocols that employ BCH code
words as a means to perform error correction and detection by one of
ordinary skill in the art. Other known protocols that provide error
correction and detectlon, through the use of BCH code words, include
35 FLEX and Golay Sequential Coding (GSC).
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error rate of a first subset of the predeterm ned pattern t dat ol’s
wherein the first subset conprises a plurality of data symbq| amdu
the first polarity; determning a second error rate of a se
t he predeternmined 5 pattern the data synbol§4 wherei n the second subset
conprises a plurality of data synbol s nodul ated at. the- second polarity; and
aligning the receiver section 105 based on the fifst error rate and the

secondI er F\ o& rate d'ﬁheamb‘ieﬂmaryseqdemé &rr@elﬂe%?g&h?ﬂﬁﬁeﬁb?r@éntﬁ MArthei s
acconpl i shed in X of the. alternative
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controlled fredpeion 6its rpeeefdeyétatal bPeigHt&halibRnesRge! atbindfiohe

present

5 comprising batch 51gnal1ng functions and selectlve ‘call receiver
-addresses.

It will be apprec1ated that other protocols prowde other
predetermmed data symbol patterns, such as pseudo random patterns
and/or other error correcting encodmg techmques, such as BCH codes of

10  other lengths or two dimensional block codes, which can be used with
the preferred embodiment of the present invention to provrde the same
benefits described herein. _ '

Referring to FIG. 5, a flow chart showing a method used in a’

_ _selectlve call receiver for aligning the selective call receiver of FIG. 1 is
15 shown, in accordance with the preferred embodiment of the present
. invention. When the selective call receiver 100 is turned on, the
controlled frequency reference 115 sets the initial value of the control
signal 317 at step 505 to a value stored in the control signal memory 325.
At step 510, the selective call receiver 100 generates a recovered digital -
20 signal when a frequency modulated radio signal having the POCSAG
" format described above is intercepted and demodulated. At step 515, the
error detector 305 determines error rates of a first and a second subset of
data symbols by comparing appropriate portions of the recovered digital
signal to the expected preamble 405. The first subset of data symbols
25 preferably con_si'sts of all the 0's in the preamble 405, and the second set of
o data symbols consists of all the 1's in the preamble 405. - The error rates of -
the first and second subset of data symbols are stored in the error rate
memory 310 as a eet_ of error rates at step 520. At step 525 the frequency
controller 315 compares a predetermined number, N, of the sets of prior
.30 error rates (in'cluding' the most recently determined error rate) stored in _
) the error rate memory 310, and generates a set of average error rates, one
for each of the two types of data symbols. 1t will be appreciated that the
. predetermined number, N, in alternative embodiments, could be as
smell as 1, and, when it is larger, the comparison can be done using a
35 calculation such as a weighted average of N prior sets with, for example, -
 the most recent m_easxireménts being given_'heavier weights, or with



i nvention by setting a control signal value. It will be fur rﬂﬂpunmuugwﬁ%ﬁng
that the methods and apparatus 15 described above in accorflance wigt 5 &2
preferred and al ternative enbodi ments of the present invent dmupanlb
with a digital signal having nore than two nogul ati on |evel'ss
four level frequency nodul ated radio signal, ich results in the
generation of four IF signals within the receiver elenent. 103. Such a

signal would be. nobre 20 appropriate, for exanple, .when the selective call"
recei ver 100 is otber calenbmionsupiVben; absiepcaille it isrdeserminesstias thedifference
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two error rates assocla
‘higher at step 535. When the error rate of the first subset of data symbols

is determined to be greater than the error rate of the second subset of data
10 symbols the frequency control signal is incremented in a first sense at
- step 540, Wthh in this example is an increasing adjustment.

. Alternatrvely, when the error rate of the second subset of data symbols is'
determined to be greater than the error rate of the first subset of data
symbols, the frequency control signal is incremented in a second sense at

15 step 545, which in this example, isa decreasmg adjustment. At step 550
the new value of the frequency control signal is stored in the control
51gnal memory 325, and used for setting the frequency of the controlled
frequency reference 115. The method is repeated when a next radio |

signal including appropnate a predetermmed pattern is recerved at step
20 510. ' :
It Wlll be appreciated that the error rates of first and second subsets
of data symbols can be determined by other methods. For example, the
predetermined synchronization words 407 of the POCSAG format could
be used, or a prec_letermined pattern of another protocol could be used.

25  Also, as an example, the error rates of the first and second data symbols

can be determined by generating a corrected digital signal using the error
correction capability of the transmitted code words 410 when the |
POCSAG format is used and comparing the received digital signal to the
corrected digital signal. Error correction encoding of data symbols can be

30 used in other protocols providing them, with the efficacy and reliability
of the frequency correction determined by the error correction and
detection capability provrded therem Low error correction capabrlrtres of
a-protocol will result in longer delays to achieving optimal alignment,
and insufficient error detectron may cause 1nstab111ty and false

- 35 alignment.
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30 with the two-data symbol |evels which nodul ate the carri [FﬁfihﬂﬁﬁémTSdEﬁT
maxi mum absol ute devi ation. An advantage of the preferred an

enbodi ments of the present invention over alignnment procedur
used in the art is that the frequencies of the IF signals wil )

within the 35 bandpass of the IF filter (or fglters, when the IF signals
pass through nore than one filter conponent). For exanple, 455 kHz |IF :
filters, which are REPLACEMEN SHEET Date: 18 MAR. 1996 22 used in comonly
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kHz center frequetey usgddor Rlighingond an ot ¢f thesteldntivei cadl reveivels 1@0 phss
the I'F signals VFI@qus s‘ﬁogﬂi fihCGREbldance with the preferred embodiment of the
~ present invention. The factory alignment set up comprises an encoder
5 640 coupled to an FM transmitter 610. The encoder 640 generates a d1g1tal
| signal, which in the example used herein is a POCSAG signal. The FM -
transmitter 610 generates a radio signal having a total modulation
deviation set to the desired IF filter bandwidth, which is 14 KHz in thls
example, coupled by a radio frequency cable 615 to the receiver sections
10 - 105 of_ one or more of the selective call receivers 100, each receiver
~ section 103 coupled to the controlled frequency reference 115 which is
used in the factory alignment setup and'shipped with the aligned
receiver section 105. It will be appreciated that the cable 615 couples the
modulated radio signal to the receiver sections 105 in a radiated manner
15  through the antenna 113, as with a radiation fixture, well known to one
of ordinary skill in the art. The receiver elements 103 intercept and |
demodulate the radio signall' as described above. The receiver section 105
is then aligned using the factory test setup and the alignment method
described above in accordance with the preferred embodiment of the -

20 present invention, with the resultmg new value of the frequency control
signal, determined at step 550, being loaded from the encoder 640 into the
selective call receiver 100 and stored in the control signal memory 325 as
the initializing value used at step 505, when the selective call receiver

100 is turned on. It will be appreciated that this alignment method, .

25 which allows s1mu1taneous alignment of a plurahty of receiver sections
105 in accordance with the preferred embodiment of the present
invention using one encoder 640 and one FM transmitter 610 is much
more efficient than prior art methods which ahgn only one receiver

~ section at a tlme _

30 Referring to FIG. 7, an electrical block diagram ofa selective call
receiver 700 havmg_ a fixed frequency reference 715 is shown, in .
accordance with an alternative embodiment of the present invention.
The selective call receiver 700 operates in a radio communication system

_ to intercept a radio signal having a Iﬁredetermined carrier frequéncy '

35 whichis frequency modulated with a digital signal. The selective call

receiver 700 is. 1dent1cal to the selectlve call receiver 100 except that the




5 attenuating the IF signals, and therefore nust include npREPLACEMENT SHEST:
frequency deviations caused. by the nmodul ation of the radio [si -
digital signal (which is approxi mately 14kHz in the exanmpl e}j used
but also part -to part and tenperature variations of the cen
the filter, part to part and tenperature vari#fions of the Iocal 10
oscillator frequency, and offsets of the carrier frequency of the _
intercepted radio signal. The sensitivity of the selective call receiver -
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and alternative e I men rese I nve ds a sfgnificant
further reducti dshqWppgptiendh @r@}nermlzlllu in theerb)@nwiscpreferably mounted on a

circuit board to which the receiver element 103 components are also
- mounted. The circuit board to which the receiver element 103 and the
10 local oscillator are mounted 1s a receiver section 105.

‘The selective call receiver- 700 is preferably similar to a Memo
Express ® model pager, manufactured by Motorola, Inc., of Schaumburg,
Illinois, but may alternatlvely may be another of many selective call
receiver radios. havmg a fixed frequency reference.
15 * The selective call receiver 700 is representative of other portable and
| mobile devices which mclude fixed frequency references for receiving a
radio signal whxch is frequency modulated by a digital signal. Other such
portable dev1ces_ mclude portable and mobile telephones and portable
and mobile communication trans.ceivers such as trunked radios. _
20 ' Referrmg to FIG. 8, an electrical block diagram of a factory alignment
o setup used for aligning the selective call receiver 700 of FIG. 7 is shown,
in accordance with the alternative embodiment of the present invention.
The factory alignment set up comprises an FM transmitter 610 which
generates a radio signal having a total modulation deviation set to the
25 desired IF filter bandwidth, coupled by a radio frequency cable 615 to the
receiver section 105 of the selective call receiver 700. The total deviation_
" is equal to the net difference of the positive and negati{re modulation
deviations. It will be appreciate'd that the cable 615 may couple the radio .
s1gnal dlrectly to a test point of the receiver section 105 between the
30 antenna 113 and the receiver section 105 or may couple the radio signal
to the receiver section 105 in a radiated manner through the antenna 113,
‘as with a calibrated radiation fixture, well known to one of 'ordina"ry skill
in the art. The receiver element 103 intercepts and demodulates the
radio signal ae described above. A decoder/ Controller 840 is coupled to
35 the receiver section 105 by a first cable 850 to receive and decode a signal
transmitted from the receiver element 103, whlle the decoder/ controller
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above) in the bandwidth of the IF-filter, which significantly i ggsoNes, LhE —
senS|t|V|ty of the receiver. O her net hods of automatic frequgncy contr
require specialized 25 hardware and therefore added cost. Thg
met hod and apparatus in accordance with the preferred enbodi -- .... ]

present invention is advantageous because an 18mproved ali gnment s

achi eved, resulting in a better receiver sensitivity performance of the :
receiver, and rmuch of the hardware required to inplement this inventionis -
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perfornance of t grerbeycﬁllc\fEmenta?ly ad]usgng the frequency of the fixed frequency
5 reference 715. The signal coupled to the decoder/controller 840 is the
demodulated signal from the receiver element 103. Alternatively, when
 the receiver section 105 and control circuit 106 are coupled together |
during the ahgnment of the receiver section 105, the signal coupled to
_ the decoder/controller 840 can be a decoder signal from the control
10 c1rcu1t 106.
- Referring to FIG. 9, a flow chart descnbmg a method used in a
~ factory for aligning the receiver section 105 used in the selective call
receiver 700 of FIG. 7 is shown, in accordance with the alternative
embodiment of the present invention. In the alternative embodiment of
15  the present invention a binary signal having a predetermined pattern of
first and second binary data symbols is used to FM modulate the radio
signal generated by the FM transmitter 610, which is a reference source
calibrated to be pfecisely at the predetermined radio frequency of the
‘selective calllreceiver 100, at step 900. The fil'st and second data symbols
20 modulate, respectively, the radio signal at two frequency deviations. The
predetermined pattern in the alternative embodiment of the preéent '
invention has alternatmg first and second data symbols. A first data
. symbol subset consists of a plurality of the first data symbols identified
within the pred_e_termmed pattern, and a second data symbol subset |
25 consists of an equivalent plurality of the second data symbols identified
within the predetermined pattern. The radio signal is coupled to and
demodulated by the selective call receiver 700 at step 910. The receiver -
section 105 of the selective call receiver 700 is designed such that, when
the receiver element 103 and fixed frequency reference 715 are fabrlcated
30 the frequenc1es of the IF signals are offset in a predetermined manner,

- having modulated IF signals such as signals 225, 230 (FIG. 2) which are .
not symmetrical in the IF filter 104 bandwidth. A laser trimmable
component which is a part in the fixed frequency reference 715 can be
laser trimmed to alter the frequencies of the IF signals in the receiver

35 element 103 to become symmetrically aligned to the IF filter 104
bandw1dth as are the IF 51gnals 205 210 (FIG. 2) The decoder/ controller
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the FM signal i ncludes a plurality of data symnbols, and ‘wher éa—each-data "
synbol' nodul ates the FM signal . at- one of a pll?rallty of frequency

devi ati ons, and wherein each of the plurality of frequency deviations has '
one of two opp05| te polarities, the automatic frequency controller _
conprising: 10 840 decoallesehé@renﬂﬁilﬂated&gnahpd) eddfromi ther Reeiveeel@henent ,

of 1he daia syntarat st oot esERRg Ao Sligls f#ﬁﬁ\&%ﬂ%@esfﬁ?%ayrﬁﬁ?!?iﬁéf :
modul ated at a m@irmpoodmg;fresp@tlpblyr 40 ithg twb datagymboy subsetaof dvs, and
wherein the at |5agbdritinéd pattesn 8f dhBesHAbAISS YAPSLS 9BOHREI S data
'- - 5 decoder/controller 840 determines the error rate of each of the f1rst and
second demodulated data symbol subsets by comparing the values of the
_der’nddulated' data symbol subsets recovered from the received radio
- signal to the corresponding values of the predetermined pattern in the
transmitted radio signal. The difference of the first and second data
10  symbol subset error rates is determined at step 940. When the error rate
of the first data symbol subset is less than or equal to a predetermined
_ threshold, W, at step 950, and the difference of the error rates of the first
and second data symbol subsets is less than or equal to a predetermined
th_réshold, V,_at'étep 960, the receiver section is aligned_ and the method is
15 stopped, at step 980. When the error rate of the first data symbol subset is
greater than the predetermined threshold, W, at step 950, or when the
error rate of the first data symbol subset is less than or equal to the |
predetermined threshold, W, at step 950 and the difference of the error |
rates is greater than the predetermined threshold, V, at step 960, the
20 . decoder/ éontroller 840 instructs the laser alignment station 830 to laser .
~ trim the fixed frequency reference 715 an incremental amount at step 970,
~and the method is contmued when another predetermmed patternis
received, at step 910. L ' '
It will be apprec1ated that in a selective call receiver 700 having a’
- 25 fixed frequency : reference 715 of alternatlve design wherein laser
| ‘trimming of the component in the fixed frequency reference 715 reduces
the IF frequenc1es, the positively deviated IF signal 240 correspondmg to
the second binary state initially falls outside the high frequency cut off
210 at F2, and the method for aligning the receiver section 105 decreases
30 the local oscillator. frequency of the fixed frequency reference 715 until
~ the data symbol error rate of the positively deviated signal 240 is
approximately equal to the data symbol error rate of the negatively
deviated signal 235 and the error rate of the first data symbol is less than
~ adata symbol error rate threshold resulting in a frequency spectrum plot
35 as described above with respect to the first example (FIG. 2). It will be
' _appreciaf_ed_that alternative embodiments exist in which signals from




15 synbols of the two opposite pol arities; a frequency contrmﬁ#@{g,_;\,q_oup@gegcr
to said error detector, wherein said frequency controller ggnerate MAR 1996
f fequency control signal based on the error rates.of the at Imgt,,,,ﬁy\@'

subset's of the data synbols; and a | ocal oscillator, coupl et=to=—satd
frequency controller, wherein said 20 |ocal 28scillator is controlled by

t he frequency control- signal to align said receiver elenent to the FM
signal. 2. The automatic frequency controller according to claim1, wherein
the FM signal i stler 16batiaats @nfth@lﬂ@dervél&e&txoﬁh@S&uécséﬁiedthrthauency

Fock Toop osc | Perafer/ SofeRlSE 10, B! Stndl fhe B Benff fin bf eBlpleh @ BET0°
claim 1, wherei deeeder/gontrpenB4®dand|domversids ta baaebattd)andci&rnodmbuonr yst al
oscillator.. 5. Thedamd peRo Ps | nﬁeﬁiﬁﬁ%@@fé&gﬁ@f‘}dﬂtrcﬁfer%‘490r&’é B o%{er%k

whereinthe atg synbo attern o ols
and said er rg a&q ERCebrer FEEHPR Q§§°P ’(&neaa‘ﬂ’bﬁefCPBHlﬁtqﬁ@ H’Fee%'tté‘i’lm ned’

pattern ‘circuit 106 of the selective call receiver 100, and the comparison of the
first and second demodulated data symbol subsets to the predetermmed.
~ subsets could be performed in'the control circuit 106, with the results
| being conpled as error rates to the decoder/controller 840. It willbe
10  further appreciated that any predetermined pattern providing sufficient
" quantities of ones and zeroes will suffice, although some patterns, such
as those with very asymmetrical occurrences of first and second data
symbols, can result in slower completion of the alignment method.
It will be further apprecrated that the factory alignment setups and
15 method in accordance with the preferred and alternative embodiments
of the preferred invention can be used equally well for maintenance
alignments.
It will be further apprecrated that other alternative embodimenits of
the present invention can be used when the fixed frequency reference 715
20 s aligned by such method as adjusting a mechanically ad]ustable
capacitor or setting an offset value in a memory for establishing a phase
locked loop oscillator frequency. When the fixed frequency reference 715
is aligned by adjusting a mechanically adjustable capacitor, the laser 830 is
'replaced by a robot having a tool which is mechanically coupled to the
25  mechanically adjustable capacitor for accomphshmg the ahgnment of the
receiver section 105. : '
' In summary, the factory ahgnment methods in accordance with the
preferred and alternative ‘embodiments of the present invention
~ - comprise the steps of generatmg a frequency modulated (FM) signal from
30  a reference source 610, wherein the FM signal includes a predetermined
| pattern of da'ta'"s'y'mbols, and wherein each data symbbl modulates the -
FM signal at one of a plurality of frequency deviations, and wherein each
of the plurality of frequency deviations has one of a first and second
polarity; receiving and demodulatmg the FM signal in the rec_elv_er
35 section 105; decoding the predetermined pattern of data symbols included
" in the demodulated FM signal demodulated in the step of receiving and
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automatic frequency controller according to claim1, whereirn pﬁéLSﬁFIgENTShEET

symbol s include error correction data synbols, and said erraf 5get_ec‘;og M&m

deternmines the error rates fromthe error correction data sy
automati c frequency. controller according to ctmim1, further corrprl sing an
error rate nenory, coupled to said error. rate det ector and said frequency
controller, said error rate menory for storing a plurality of prior error

Cantrol "Sranal bR GRIE AU-ARIRLR ¢ aPeapr eG4 frskdupebd UGN
automatic f r equepresletesmined Ipattezm dhe dlalh‘rg sym%olaalwhe:etruthmf;rst subset
~comprises a plurality of data symbols modulated at the first polarity;
~ determining a second error rate of a second subset of the predetermmed
- 5 pattern the data symbols, wherein the second subset comprises a plurality
of data symbols modulated at the second polarity; and aligning the
receiver section 105 based on the first error rate and the second error rate
determined in said determining steps. The alignment is accomplished in
the fixed frequency reference 615 of the alternative embodiment of the
10 present mventlon by making a mechanical ad]ustment such as laser
trimming a capacitor. The alignment is accomplished in the controlled
frequency reference 115 in the preferred embodiment of the present
“-invention by setting a control signal value.
It will be further appreciated that the methods and apparatus
15 described above in accordance with the preferred and alternative

embodiments of the present invention can be used with a digital signal
having more than two modulation levels, such as a four level frequency
modulated radio 51gna1 which restilts in the generation of four IF s1gnals
, within the receiver element 103. Such a signal would be more
20 appropriate, for example, when the selective call receiver 100 is used
which couples the decoded error rates to the decoder/controller 840. For
this example the selective call receiver 100 is designed primarily for
decoding_' a four level frequency modulated radio signal. In this example,
- the selective call receiver 100 communicates th_e error rates for four
25 demodulated data symbol subsets, corresponding to the four data symbol
levels, to the decodet controller 840, which uses two of the error rates to
‘set the local oscillator frequency in the selective call receiver 100, thereby
optimizing the position of the four IF signals within the bandpass of the
IF filter 104. The two error rates used are the two error rates associated
30 w1th the two data symbol levels which modulate the carrier with the
maxlmum ‘absolute dev1at10n ' _ .
~An advantage of the preferred and alternative embodlments of the
present invention over alignment procedures commonly used in the art
is that the frequencies of the IF signals will be optimized within the
35 bandpass of the IF filter (er.filters, when the IF signals pass through more
' | than one filter e_Omponent).' For example, 455 kHz IF filters, which are



conprising a control signal nmenory, coupled to said frequencj P&ﬂtﬂﬂﬁwinerr zHEﬂT
for storing a value of the frequency control signal; and 15 V\/nerel gw
ffequency control ler uses .the value of t he frequency cont r ol || Setgrial...t. 1996‘
generate-an initial frequency of the local oggillator. - R =

Date: 18 MAR 1996 9. A selective call receiv £ for processing a f requency
nmodul ated (FM. signal, wherein the FM si gnal i ncl udes data synbols, and
wherein each data synbol nodul ates the FM signal at one of a pl urallty of
frequency devi atisezhin candnaﬂﬂgrawailabbe:belecf:tntréwalbIreufeﬁwertsytyp‘lcéltyehue@aw/—

Cional furtner iigaRees SEERRIEHK © Bt aidilim PRAUORGEiBobC, )
receiver conpri wn@erawneé@éutheASékamntehftequeeqeu The IE diltedtdrandavidtles t he
grl\a/lcz Idggal' a CORfysP 'be%fd‘e“énougﬂlﬂcppﬁﬁ {HR BRdignARGFIHEht SRRty ch
S5 attenuatmg the IF signals, and therefore must include not.only the
" frequency dev1at10ns caused by the modulation of the radio signal by the
digital signal (which is approximately 14kHz in the example used
herein), but also part to part and temperature variations of the center
frequency of the filter, part to part and temperature variations of the local
10  oscillator frequency, and offsets of the carrier frequency of the intercepted
' radio signal. The sensitivity of the selective call receiver 100 is degraded
‘when the IF filter bandwidth is increased beyond the minimum
necessary for optimum reception of the modulated signal. The
alignment method in accordance with the'preferred and alternative
15 embodiments of the present invention essentially eliminates the need. to
design the IF filter with additional bandwidth to include the part to part
variations of the IF filter and local oscillator frequency reference. In |
- contrast, prior art alignment method typically only align the local
oscillator. Thus, the alignment method in accordance with the preferred
20 and alternative embodiments of the present invention affords a
significant further reduction (approx1mately 2 kHz in the example cited
above) in the bandwrdth of the IF f11ter, Wthh 51gn1f1cantly 1mproves the
sensitivity of the receiver. _
_ Other methods of automatic frequency control require specialized
25 hardware and therefore added cost. The alignment method and _'
apparatus in accordance with the preferred embodiment of the present
invention is advantageous because an 1mprove_d alignment is achieved,
resulting in a better"receiver sensitivity performance of the receiver, and
much of the hardware required to implement this invention is already
30 used in most receivers and therefore the cost impact and parts count
impact is minimized. The: alignment method in accordance with the
alternatrve embodiment of the present invention is advantageous
because an 1mproved alignment is achieved, resultmg in a better receiver
sensitivity performance of the receiver.

35 | o
' We clair_nj.
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the data synbols and the selective call address included in W
10 and which generates an alert signal when the selective HEET |
mat ches an address stored in the selective call receiver; a slgqsr blk&lmm 2
coupled to the control circuit, which i's responsive to the alLgbf signalfor-

generating a sensible alert srgnal -and an aug®matic frequency controller
coupl ed to said recetver .15 elenent and said control circuit, the
automati c frequency control |l er conprising an error detect

said control circuit, wherein said error éﬁ&@ﬁl‘sor det erm,mmmﬂ 'mmm Hllof'
gacn-s an

at | east two subsets of the . data synbols, ubset conpri Sing
plurality of the data synbols .20 modul at ed at a uni que one of the
plurality of frehudncgutbenatit fmqaenajndontreﬂer,rcoupdaezhto heastivenelemdrstet s

conprise data sy vi(mgfqﬁnochetxjggerwp efégr@-%ﬂ fe%eﬂz‘eg aa‘h'dt flgﬁrod@téaltfz? gr”ff@ﬁﬁ(ency

controller, couple 0

“controll er génermpdyl %feﬂr(gh@e?%?a]@@ﬁdr‘dheéﬁlgr’fhﬁ FM Slg‘}'@?sléécblﬁleﬁ raepﬁrrabry
rates of the at dfedta syrbsisPafd wr@rem&%ﬁa%ymlemdulates the FM signal

at one of a plurality of frequency devratrons, and wherein each of the
plurality of frequency deviations has one of two opposite polarltres, the
automatxc frequency controller comprising:

10 . ~ an error detector, coupled to said receiver element, wherein said
error detector determines error rates of at least two subsets of the data
symbols, each subset comprising a plurality of the data symbols
modulated at a unique one of the plurality of frequency deviations, and
wherein the at least two subsets of the data symbols comprise data

15  symbols of the two opposite polarities;

' ' a frequency controller, coupled to said error detector, wherem said
- frequency controller generates a frequency control signal based on the
- error rates of the at least two subsets of the data symbols; and |
a local oscillator, coupled to said frequency controller, wherein sard
20 local oscrllator is controlled by the frequency control signal to align said
 receiver element to the FM signal.

2. The automatic frequency controller accordmg to claim 1, wherein the
. M srgnal is an FM radlo 51gna1
25 . :
3. The automatrc frequency controller accordmg to claim 1, wherein said
local oscillator is a phase lock loop oscillator.

4. The a_utomatic frequency controller according to claim 1, wherein said
30  local oscillator is a varactor controlled crystal oscillator.

5. The' automatic frequency controller according to claim 1, wherein the
' data symbols include a predetermined pattern of data symbols and said

. error detector determines the error rates from the predetermmed pattern
35 of data symbols.



and .a local oscillator, coupled-to sai d frequency controller g ==
receiver element, wherein said |local oscillator is controlle B P %EMENTSHEET.
frequency control si naI to align said receiver.elenent to t eo&lﬂ sﬂglsaMARm
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6. The automatic: frequenCy controller according to claim 1, wherein the
data symbols include error correction data symbols, and said error |
detector determmes the error rates from the error correct1on data
symbols.

7. The automatic frequency controller acCOrding' to claim 1, further
comprising an error rate memory, ‘coupled to said error rate detector and
said frequency controller, said error rate memory for stormg a plurality of
- prior error rates, wherein said frequency controller- generates the '
10 frequency control 51gna1 based upon the plurahty of prior error rates.

8. The automat1c frequency controller accordmg to claim 1 further
comprising a control signal memory, coupled to said frequency
- controller, for sto_rmg a value of the frequency control signal, and
15 wherein the frequency controller uses the value of the frequency control
signal to generate an initial frequency of the local oscillator. |
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9. A selective call receiver for processing a frequency modulated (FM)
signal, wherein the FM signal includes data symbols, and wherein each
déta‘_symbpl modulates the FM signal at one of a plurality of frequency
deviations, and wherein each of the plurality of frequency deviations has
one of two opposite polarities, and wherein the FM signal further
includes a selective call address, the selective call receiver compnsmg

a receiver element which receives and demodulates the FM s1gna1

a control circuit, coupled to said receiver element, which decodes
the data symbols and the selective ca_ll address included in the FM s1gnal,
and which generates an alert signal when the selective call address
matches an address stored in the selective call receiver;

a sensible alert, coupled to the control circuit, which is responsive
to the alert signal for,generating'a_ sensible alert signal; and

an automatic frequency controller, coupled to said receiver .
element and said control c1rcu1t ‘the automatic frequency controller
comprising _

an error detector, coupled to said control circuit, wherein

said e_rr_or detector determ_ines_ error rates of at least two subsets of the

'data symbols, each subset comprising a plurality of the data symbols

modulated at a unique one of the plurality of frequency deviations, and
wherein the at least two subsets comprise data symbols of the two
opposite polarities, : '

a frequency controller, coupled to sa1d error detector,
wherein said frequency controller generates a f_requency control signal
based on the error rates of the at least two subsets of the data symbols,
and’ _ _. | N . .

a local oscillator, coupled to said frequency controller and
said receiver element, wherein said local oscillator is controlled by the

- frequency control signal to align said receiver element to the FM signal.
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"METHOD AND APPARATUS FOR ALIGNING A D_IGITAL RECEIVER
'Abstract' ‘of the Disclosure

A method is used in a receiver (100) for aligning the receiver (100).
The method has a step of intercepting and demodulating the FM signal,

‘which includes data symbols. The method has a step of determining

error rates, in which the error rates of at least two subsets of the data
symbols are determined. Each subset includes a plurality of the data
'symbols modulated at a unique one of a plurality of frequency

~deviations. The at least two subsets include data symbols of two opposite

polarities. The method has a step of generating a frequency control
signal, in which the frequency control signal is determined based on the
error rates. The method has a step of aligning a receiver section (105), in
which the receiver section (105) is aligned to the FM signal by controlling
a local oscillator (320)which is réspo_nsive to the f_fequency control signal.

' Figure 5



