5 DUAL MODE AUTOMATI C FREQUENCY CONTROL Background of the Invention 10 The
present invention relates generally to autonmatic frequency control
apparatus, and, nore particularly, to an automatic frequency control system
for cgrrecting frequency differences between a recéitver and a transnitter
mhf%h#15 transmts either an analog information signal or a discrete,
encoded information signal. An information sjgnal is inpressed upon an

el ectromagneti c wave by a process referred 10 as nodulation. In a
nodul ati on process, the information signal is conbined 20 with an

el ectromagneti c wave (referred to as the carrier wave), and the resultant,
conbi ned signal- is an el ectromagneti c. wave which varies in sone nmanner
according to the values of the information signal. Various nodul ation

t echni ques have been devel oped to nodul ate the information 25 signal upon
the el ectromagneti c wave; anplitude nodul ati on, frequency nodul ati on, and
phase nodul ation are three of such nodul ati on techni ques. In general,
anpl i tude no8lul ated signal is forned by nodul ating the information signal
upon the electromagnetic 30 wave such-.-that the information signal nodifies

the anplitude of the el ectroma netlc mave al ue of the
i nformation signal. The bebNeﬂ %WMS not
vary, and the information content of the nodul ated signal is contained in

t he shape, or a -2- The shape of the signal is

referred to as tRei0Nd 5 d =+, and the changes in the anplitude
of the nodujet ed S|gnal change the envelope formed thereby. A frequency

modyl ated signal 1 F P broseit’ Fivditidherdiaigucgenethny "fo automatic

frequency control apparatus, and, more particularly, to an
automatic frequency control system for correcting frequency
differences between a receiver and a transmitter which
15 . transmits either an analog mformatlon SIgnal ora dxscrete
encoded information signal.
. An information signal is impressed upon an
electromagnetic wave by a process referred to as modulation.
In a modulation process, the information signal is combined
20 with an electromagnetic wave (referred to as the carrier
wave), and the resuitant, combined signal is an
electromagnetic wave which varies in some manner according
o to the values of the information signal. Various modulation
- techniques have been developed to modulate the information
25 signal upon the electromagnetic wave; amplltude moduiation,
frequency modulation, and phase modulation are three of such
modulation techniques. |
In general, an amplitude modulated signal is formed by
: mddulatlng the information signal upon the electromagnetlc
30 wave such that the information signal modifies the amplitude
of the electromagnetic wave corresponding to the value of the
information signal.. The frequency of the electromagnetic wave
does not vary, and the information content of the modulated
signal is contained in the shape, or amplitude, of the signal.




. does not vary, and the information cont €
contained in the variation of the phase of the signal. Because the

5 electromagnetic wave corresponding to the value of the i nformati on

signal . The anplitude of the el ectromagnetic wave does not vary, and the

|nfor gnt ent of the nodul ated signal is contained i i on
SPr‘éhqg%ency of the signal. A-phase nodul ated si gnal p‘éﬁ‘gﬁ(ﬁw

alterlng the 10 phase of the el ectromagnetic wave corresponding to the

val ue of- the information signal. The arrpr#tude of the el ectromagnetic wave
“of the nodul ated signal is
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the phase of the signal. Because the amphtudes of a frequency

15 modulated and a phase modulated ‘signal do not vary, these
modulated signals are referred to as constant envelope signals.
A recelver which receives the modulated information
signal includes curcuntry to detect, or.to otherwise recreate,
the information signal modulated upon the electromagnetlc
20 wave. This process is referred to as demodulatlon and various
receiver clrcunts permnts demodulation of information slgnals
modulated upon an electromagnetic wave accordmg to the |
various modulation techniques. . = : W
_ Many different modulated. mformatlon sagnals may be
25 snmultanecusly transmntted by a plurahty of transmltters at a
| plurallty of different frequencies. - -
Portions of a 100 megahertz band- of the electromagnetlc
frequency spectrum (extending between. 800 megahertz and 800
megahertz) are allocated for radiotelephone communication,
30 such as, for example, by radiotelephones - utilized in a cellular,
commumc_a_tlon system. A rad:otelepho_ne conta__ms circuitry
both to generate and to receive modulated information signals.
A cellular, communication system is created by
positioning numerous base stations at "spac'e'd-'apart- locations



Ed
gonstructed to receive and transm.t nodul ated i nformation signals
sinmul taneously to and from radi ot el ephones to permt two-way comruni cation
t her ebet Wegygp/8bep1base stations are 5 positioned at |ocationspeaglyshhaissrs
radj otel ephone at any | ocat§on in the geographical: area is within the
recepiion range of at |east one of the base station receivers. The
geogr aphical-area is divided into portions, d one base station is
positioned in each portion. Each portion of thée 10 geographical area
defined thereby is referred to as a "cell"”. As nentioned herei nabove, a
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signals may be simultaneously transmitted at different
15 transmission frequencies, each occupies a finite portion of the
frequency band. Overiapping of simultaneously transmitted
modulated. information signals is not permitted as
interference between overlapping signals on the same
frequency could prevent detection of either of the modulated
20 information signals by a receiver.
The frequency band is divided into channels, each of
which is of a thirty kilohertz bandwidth. Presently, one signal
. is permitted to be transmitted in each thirty kilohertz-wide
— channel of the frequency band. Additionally, a first portion,
25 extending between 824 megahertz and 849 megahertz, of the
frequency band is allocated for the transmission of modulated
information signals from a radiotelephone to a base station. A
second portion, extending between 869 megahertz and 894
'megahertz of the frequency band is allocated for the 3
30 transmission of modulated information signals from a base
station ‘0 a radiotelephone. 832 transmission channels are
formed in the first frequency band portion, and 832
transmission channels are formed in the second frequency band




portion, thereby permtting a maxi mum of 832 sinultaneous, two-way ’
comuni cations within a geographical area. A nodulated signal transmtted

upon ‘a’% f the transm ssion channels nmust be of a banﬁ ;li,ﬁg than
the-5 %?2%93”1 of the transmi ssion channel (i.e., less t §'l‘ 1Y

kil ohertz). Gscillators which oscillate at frequencies to generate the

el ectromagnetic carriers thereby are susceptible to frequency vari ati ons.

Such variations, referred to as frequency*drift, can cause the transm tted
. signal to extend 10 beyond the boundaries of the transm ssion channel
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communication. Other frequency bands of the electromagnetnc

15 spectrum are slmrlarly oftentimes -fully utilized.
- _ Varrous attempts have been made to increase the
informatlon-transmlsslon ‘capacity: of the cellular
radrotelephone communication: systems as well as other |
~ communication systems. utrllzmg other frequency bands of the
20 electromagnetic spectrum. However, “existing cellular
radioteleplione communication- systems are comprised of
radrotelephones and base stations having c:rourtry ‘which _ o
transmits and receives frequency modulated analog signals. Ul
Only one modulated information signal may be transmitted upon
25 a transmnssson channel at a tlme Srgmﬂcant mcreases in the
' mformatlon-transmrsslon capacity- of ‘cellular, radlotelephone
communication systems has. accordmgly, ‘been- limited.
Discrete modulation techniques have been developed
however to permit ‘transmission of more than one srgnal at the
30 same frequency A cellular, radlotelephone commumcatron
| system ‘capable of transmitting modulated information sagnals
formed by discrete modulation techniques would allow
transmlsslon of more than one signal on a transmlssron

3
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channel . The capacity of such a communi cation system can be significantly

i ncreasedwd dp/880A" al . a discrete nodul ation techni que encodesP@lTlusg /04874
cont’t puous, |nf or rratlon sighal into discrete signadls and then 5 nodul ates
the\*di screte signals upon an el ectronagnetic wave to formthereby a

nmodul at ed information signal. Discrete signals of nore than one information
signal may be nodul at ed upon el ectronagnetic Svaves of identical carrier
frequencies and transmtted sequentially to two or nore radiotel ephones.
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15 example, temperature changes and supply voltage variations. A

frequency drift of a magnitude which maintains a conventional,
analog signal within the boundaries of a transmlsslon channel,
may oftentimes be of a magnitude which causes a
corresponding discrete, encoded signal to extend beyond the

20  boundaries of a transmission channel. Frequency drift of

modulated information signals generated by discrete
modulation techniques may be more susceptible to interference
problems than are modulated information signals generated by
conventional analog modulation techniques.

. 25 ' Additionally, circuitry . for demodulating 'trarism_itted
information signals of certain discrete, encoded-type signals
requires less frequency error than the frequency error
permitted of conventional, analog signals. Quantitatively, the
US cellular standard frequency error permitted of conventional,

30 analog signals is 2.5 parts per million, whereas frequency
error parmitted of discrete; ancoded signals is approximately
0.2 parts per million. '
Systems and methods of frequency control for minimizing
frequency drift to minimize thereby frequency drift problems



-6- are:known and are frequently utilized in nahy existing comunication
systens.. Generally, one oscillator, teferred to as the reference
oscillator, within a transmtter is controlled such that frequency drift. of
a si Wﬂl@@ﬂ@r ated thereby is 5 wthin an allowabl e rang@CT/LS92/04874 sy
oscillators of the radio may then be | ocked to the frequencyy of the
reference oscillator. In the particular instance.of cellular,

radi ot el ephone conmuni cati ons as above-dgscri bed, the .oscill ators of the
base stations positioned throughout the geogr aph| cal area to 10 nodul at e
an information si gnal thereu on may be prec ly controlled to mnimze
drift of theaf@ Jefiewpyangd. 8 ﬁh ng@v@%eﬁéﬁ&lﬂ& hereby. The
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conpri sed ofradiotelephones imay utilize the frequency of the modulated
~ information .signal from the base statlcn as a ‘reference
15 frequency. The reference frequency is utlhzed by the
. radiotelephone, for example, as a reference frcm which the
‘transmit frequency of the radiotelephone may be ‘offset
allowmg the slgnal transmitted by the radnotelephcne to be as
o preclse of a frequency as the base" sta'aon frequency
20 - In order to increase the capacity of cellular
communication systems, existmg base statlcns havmg ,
~circuitry to transmit- and receive only conventrcnal analog -
~ signals are to be converted to base statrons whrch ~additionally _‘J
permit transmission and receptrcn cf dlscrete, enccded o
25 modulated information signals. - Rad:otelephcnes are being
_ develcped to permlt transmission and’ receptrcn of bcth
conventional analog srgnals, and drscrete. _encoded srgnals As
the. cellular" system base statrcns are gradually ‘converted, and
. radiotelephones are slmularly develcped scme channels of a
30 cell will be ccmpnsed ‘of -receivers: havmg clrcurtry permrttmg
reception of discrete, encoded mcdulated rnformatlon signals,
and other channels will be comprised: of recervers havmg
circuitry permitting only reception of conventional analog
modulated information signals. Slmrlarly, some’



gircuit ry permtting only reception of conventional anal og nodul at ed

I nformation signals. Simlarly, sone --7 - radiotel ephones operated in

t he cell % nication systens will contain circuitry perpbtﬁ,

tramsm ss 92<£ﬁgéyrpejceptlon &0f both discrete, encddé&d nodul at ed m*’gr}r/ao“W%
Si gﬁg{s and conventional , anal og nodul ated information 5 signals. O her

r adi ot el ephones wi | | cont ain circuitry permtting transm ssion and

reception of only conventional, anal og, m)_dLrI-'éted information signals. A
dual - nrode radi ot el ephone permitting transm ssion of both convent i onal ,
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signals signals, and second circuitry for transmission and reception of
discrete, encoded modulated information signals. When a

15 radiotelephone receives a discrete encoded signal, a d:gltal
signal processor may be conveniently utilized to_ decode the
signal. At the same time, the digital signal processor may be
utilized to derive an error signal to correct the reference
frequency in the radiotelephone.

20 While a digital signal processor may be utilized to
generate the error signal to correct the reference frequency
when an analog signal is received, the digital signal processor
dissipates larger amounts of power than conventional -analog
circuitry used to determine the reference frequency of a

25. conventional, analog modulated information signal.-« The
conventional, analog circuitry is, however, unsatisfactory for

~ determining a reference frequency for discrete encoded,
information signals. :
_A radiotelephone operable to receive both conventional

30 analog and discrete, encoded, modulated information signals
having circuitry to determine a reference frequency of either
type of tr_ansmitted signal, and, additionally, having minimal
power consumption requirements would be advantageous.



having circuitry to determne a reference frequency of either type of
transmtted signal, and, additionally, having mnimal power consurrpt ion
requi renments woul d be advant ageous. What is needed, therefore, is a -

- fredMOm20298ht rol scheme which requires miniml power corBEHHIN Mﬁt !.a‘rso
may be alternately operated to determ ne the reference frequency of either
conventional, analog nodulated information signals or 5 discrete, encoded
nmodul ated information signals transmitt@d to the radiotel ephone. Summary of
the Invention It is, accordingly, an object of the present invention to 10

provide, a frequ y control or corre ting frequency, dif{ferences
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invent i on ttﬂpﬁhﬁ/ radiotelephomede radi ot el ephone oper abl e to receive both a
conventional, analog information signal and a discrete, encoded si gnal '

havi ng freqency control CI rcwtry of mnimal power requirenents. 25
e IR JUNRIRIReNt i on, therefore, -a frequency control
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modulated information signals. -
it is a further object of the present mventxon to provide

15 a frequency control system operable to determme a reference
frequency of a- srgnal transmitted either by conventsonal
analog. modulation techniques, or by ‘discrete modulatlon
techniques which requrres a minimal power consumptron for
operation thereof. -

20 It is a yet further ob;ect of the present mven’uon to
provide a dual-mode radlotelephone operable to recerve both a
conventional, analog information. signal and a ‘discrete, encoded
signal having frequency control errourtry of mmlmal power N\
requirements. - o :

25 . In_accordance with the present mventuon, therefore.
frequency. control system for correctmg frequency dlfferences
between a receiver operable to receive an mformatron signal
modulated upon a carrier wave charactenzed by a certain
frequency to form thereby a modulated mformatron signal, and

30 a transmitter which transmits the: information signal is
disclosed. The modulated information signal is received, and
analog signal detection circuitry determines the certain
frequency characterizing the carrier wave when the
information signal is an analog signal, and generates a first
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anal og signal detection circuitry.determ nes the certain frequency
characterizing the carrier wave when the information signal is an anal og

signal , I0d ogapesptes a first -9- frequency reference si gnacrmyotAi4sys
of the certain frequency det.erm ned thereby. Disc¢réte signal detection

Ci r&gtry determines the certain frequency characterizing the carrier wave
when the information signal is a discrete, §coded signal, 5 and
generates a second frequency reference signal indicative of the carrier
frequency determ ned thereby. .The oscillation frequency of a variable

frequency oscillfrequentyalroferehoessignal \fmdzoaﬁabues tiie tdertain fre§uenagncy
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frequency contr ofhes Ysdrfi@rofr, rity? eteriined! thereBy. The otilatiof and
2B are graphical resentgti copstant envel ope. si g{na rein Fig.
2A is a frequenc fieﬁsmt «93 § yﬁ&lamﬁpﬂm%ﬁy \Rﬁ@ﬂ §u@iﬁ°§9§nal t hat
I Fio. 2B o o g anne e e el

[ i's i

si gnal gt hat rraya‘(gﬁa % q@?’%ugﬂbﬁgﬂﬁgﬁg %fﬁm olt%ﬁqréﬁggttngh%egresent
invention; f0g. flequeacyr difiererices hetwesnt then receiver andtthe ati on points.

of a discrete e me which may be utilized to encode an
i nfsesmation si gn q{%gﬁft hereby a discrete, 30 encoded signal ;

- Brief Description of the Drawings
The present invention will be better understood when
15 read in light of the accompanying drawmgs in which:

Fig. 1 is a graphical representation of an amphtude
modulated information signal representative of one such signal
which may be utilized by the frequency control system of the
present invention;

20 Figs. 2A and 2B are graphlcal representatlons of constant
- envelope signals wherein Fig. 2A is a frequency modulated
signal representative of one such signai that may be utilized by
, the frequency control system of the present invention, and Fig.
N 2B is a phase modulated signal representative of another such
25 signal that may be utilized by the frequency control system of
the present invention;

an 3 is a graphical representation of the constellatlon
points of a discrete encoding scheme which may be utilized to
encode an information signal to form thereby a discrete,

30 encoded signal;

Fig. 4 is a grapmcal representatlon of the frequency

modulated signal of Fig. 2A graphed as a function of frequency;
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Fig. 4 is a graphical represeftation of the frequency nodul ated signal of
Fig. 2A graphed as a function of frequency; -10- Fig. 5 is a graphical
representation of a DQPSK. signal, which is a conbination of ‘an anplltude
mod We9240299¢nal and a phase nodul ated signal, graphed asPGLﬂmﬁanﬂn4oﬁ
frequency; Fig. 6 is a graphical representation of two adjacent 5
transmi-ssi on channels of a frequency band, wherein a conventional,

nodul ated i nformation signal is transnjféed upon a first of the
transm ssi on channels, and a discrete, encoded nodul ated information S|gnal
Is transmtted ughg a second of the transni ssion channels; 10 Fig. 7

“i's a block diagr&igob ima grenbmalyrepresentatnoatefna)D(DPSK)rsrgaat :

t b f
e orod cldiatifls & EoRfinafon of dn n%’@rﬁ%“.‘*@%e FRala At dHd o " @
bl ock, partPBRS §cmlatad|sm§a -agraphed as ‘aasfungtion rof: frequenay;ed

embodi ment of t hEigr t fﬁﬁm ' AN AP red :
Enbodi ngnt s Turanrllg) ﬁ?gan% F 9::\.:[{9 @hlt Y -.'ﬁegretg}e&nt a{hgkg'rtof Figs. 1
1P a

and 2A-2B, YADSMYS _ RPE¥ bapds whepein amdul at ed
i nf or mat i oncenventienal.c mbodutatedintormationTigighal ois ft?aﬁ@#ﬁttédmi: n Fi-gs.

L and 20 2% ey BR b Bataiinl” oAkl “RAE o cifbrang, ‘s fSr "28)
may be uti.l moslulated Hatfesgmationosignal jis ctransmittesh tipon farseoondcofng -
frequency Zﬁm %ﬁﬁgﬁgggﬁﬁ, RER AR RS receiver operable to receive such

. mavefO{ag traasnlttiéoopera le to transmt such waveforms. The = _
- . wavefo are acF!Q}I yiHdoblogk diggram: @chJTBﬁUBB%COHthIsySISMS
ordi nate axgf thg p?ésénftihi‘rbh(tibrpf time, plotted along abscissa axes 12. 30
Wavef orm 14 of # ,S an a?P ‘ % e, nodul at ed signal, fornmed hy nDduIatlng
an information SF& dﬁoﬁ pRrtial block, partial scl ematrc ||Iustrat|on of
a preferred embodiment of the present lnventnon and '
Fig. 9 is a partial block, partial schemattc illustration of
15 an alternate preferred embodrment of the present mventron

Turnmg ﬂrst now to the graphrcal representatrons of
_ Figs. 1 and 2A-2B, waveforms representatlve of three types of
20 modulated | mformatnon srgnals are. shown Waveforms similar
to the waveforms of Frgs 1 and 2A-28 (or more particularly, a
waveform similar to the waveform of Frg 2A,. and a waveform e
similar to the combination of Fug 1 and Fug 28) may be utilized o
by the system of the present mventnon for -correcting frequency
25 differences between a receiver operable to. receive such-
waveforms, and a transmitter operable to transmlt such
waveforms. The waveforms are actually ptots of voitage,
'scaled in terms of millivoits, on ordmate axes 10, as a
function of time, plotted along abscissa axes 12. _
30 Waveform 14 of Fig. 1 is an amphtude modulated signal
formed by modulatrng an information srgnal upon an
electromagnetic wave wherem the amphtude (i.e., voltage) of
the waveform 14 varies responsive to values of the
information signal modulated thereupon. The information-



el ect romagneti c wave wherein the anplifude (i.e., voltage) of the waveform
14 varies responsive to values of the information signal nodul ated

t her eupo jadk or mat i on- - 11 - containing portion of wapeP(igdirdagsty
t hereby, RXQH}Z#&;E in the anplitude of the waveformisuch that vari a??ons 7iii‘n

t heXanpl i tude of the waveform 14 correspond to variations in the anplitude
of the information signal. The anplitude of 5 waveform 14, referred to as
the envel ope of the waveform is representedl?n Fig. 1 by curve 16. Curve
16 is simlar in shape to the information signal which; when nodul at ed

| ect ' i G . O 14a m.14 -daes: .
T equency,  angeriainindCBrichBf \iMEpRidh 1 {4, [ GteBY, cRREinNY iHotHe -
frequency of theaimplitugentafd thavwaveiaramistich tbat ivarationsnirithe is
modul ated.  Such hh@ﬁmqw ofSthé’ wavdlot® A% ldtréSponar to ' eaNatiensCin the

wavef orm 14,  and t he,el ectronmagngt,i c e is referred to as,the ¢

Waxe. Wavef orm 13"&9"“@ ofath @fbf@ﬁ"é%;s'%ﬁb a"t:r&? é@ﬂitugg O?LHT;& by
modlu! ?tidng ?5 inf:ﬁﬁmb_ il'ﬁf‘ 1Si.greletr_mntoarafltnet envamh ficf wmewmf orm, is
a i tude of wavef orm 0oes L0t Jvary. ho r, e e .0f . rm
1gp varies responE?Q@ﬁngt@al U’bﬁgf %?PJPHF\S&%@ o#‘gl”ﬁnigq#ogw‘ggédﬂaﬁgse
t her eupon. Vari atpothe iinfdmeation csignal vwhichy, wiién miodulated rupon an

of waveform 15 cReHBgTYALE Fhyk" ot WayBIoRl 140" WadPhor, 147686
el ectromagnet i c natevagy, inoirequencyl iand  theo frequency ofwaveferendld of the
£5E TR g i e quaeran thp ioqdati wave e,
upokLivhi ch the im%ﬁham%nm @%éﬂoﬂss Iéﬁe@?déﬁ@w r eM Q?QUPBF& ed
to as the carri erefgregd et ag thehearterifrequéicyaof wavetdormt 14 egndt the
rodul Bt egefsfrg[]:fj elécomagnéfic 'walve' 7 Sreféfied Ao"ds’ the ‘caltriet wavd: P2se
- Waveform 18 of Fig. 2A is a frequency modulated signal
15 formed by modulating an information signal upon an” '
 electromagnetic wave. The amplitude of waveform 18 does not
vary; however, the frequency of waveform 18 varies responsive
to values of the information signal modulated thereupon.
Variations in frequency of waveform 18, thus, form the
20 information-containing portion of the waveform. The variation
in frequency of waveform 18 caused by modulation of the
information signal upon the electromagnetic wave is, however,
slight, compared to the frequency of the electromagnetic wave.
Hence, waveform 18 may, similar to the waveform 14 of Fig. 1,
' 25 be characterized by the frequency of the electromagnetic wave
' upon which the information signal is modulated; such frequency
is referred to as the carrier frequency of the waveform 18, and
the electromagnetic wave is referred to as the carrier wave.
Waveform 19 of Fig. 2B is a phase modulated signal
30 formed by modulating an information signal upon an
electromagnetic wave. The amplitude of waveform 19 does not
vary; however, the phase of the waveform 19 varies responsive
to values of the information signal modulated thereupon.
Variations in phase of the waveform, thus, form the



30 faorned by nodul ating an informat_i on si:gnal . upon an el ectronmagnetic
wave. The anplitude of waveform 19 'does not vary; however, the phase of the
waveform 19 varies responsive to values of the i nformation si gnal nodul-at ed
t heweLg20299¥ar i ati ons i n phase of the waveform thus, foPET{US91/048782 ¢
I nf ormati on-contai ning portion of waveform 19. It is to be noted that the
abrupt .phase change of waveform 19 of Fig. 2B is for purposes of
illustration only, and that an actual- yghase nodul ated signal .would exhi bi t
a gradual phase change. The 5 phase variation of waveform 19 does not

60 b ipkrRREen-captAIBING | Berion val WavRIarmof B2 sl 18 Hou B et or 5
once - | oft K ¢ vef orm18-

?Lr i g ﬁé‘ll"“? Tae!the Sruephase Chargo of agetorine 19 r‘”‘*“‘“‘é?ﬁ fation

points of '& HisOUWP s@%c@ﬁ w&sg'pétlﬂﬂe 9"9 @dm?é an Pﬁhﬂﬁelrré?ﬁﬁ? signal ‘is

i |1 ust rat evodistatedh sigmak wouldi exhibit a maduabtphasealchanfge naThen si gnal

{ransi ¢« s vAHRTOR, ot iﬁi P9 ooBes ek BRAIGRRSY. Hir Y, O, 1

. the inf or rthei cerrrearfseqeency o hei s;grtal a Baetefetc.amaveq'l&nemaand Fig

3 illust r%&m& gma*gE fe ylupg,f( ) 1S Bl m I n which an
|nforrrat|on ‘S| rmo ht erent | evel s
(i.e., phavavef Of@ h@ Qﬁ fdge sPﬁeﬁé@'@F’@ &@F‘ simlarly

p055| bl e. ddrridy Sfrégtiendy.t he i nf or mat | on signal is encoded | nto t wo

PRLTAEL TP e 1 b oBiohial AtaSenlauth SL A L Y

vector ti chneteﬂaﬁcw lpoints yof @ rdiscreted encoding $chemenfore axi s 20 and
st 552 Bdoding ﬁﬁrlﬁaelgnuwaﬁﬂs%%w 030 tméhfibndb? ' (1)
heretnabove. by encoding an information’ slgnal mto a series of
discrete, encoded slgnals, more than one slgnal may be .
15 transmitted at a particular frequency to mcrease stgmflcantly
thereby the tnfcrmatlcn-transmlsslon capactty cf a partrcular
- frequency . band

Fig. 3 illustrates an elght-level phase shift keymg (PSK)

system in which an. information srgnal may take the form of

20 any of eight different levels (i.e., phases) Other drscrete
encoding schemes are, of course, slmllarly pcssuble In this
system, the tnfcrmatrcn signal is encoded into two parallel bit
streams, referred to as I(t) and Q(t). At the samplmg instants B
ti, I(t) and Q) form:a vector ‘whose pcssxble values {i.e.,

25 vector lips) are graphically represented in l'-“g 3. Ordrnate axis
20 and abscissa axis 22 are scaled in terms of the magmtude
of Q(t) and I(t). Such a vector may be modulated upon an
electromagrlstrc wave to form thereby a modulated mfcrmatton
_signal wherein the information -content of the stgnal is -

30 comprised of a series of discrete signal levels (or phases)

The encoding: scheme of Fig. 3 rllustrates the standard
selected for digital, cellular radrctelephone commumcatlon
systems 1o be implemented in the United States. Wlth
particular respect to the United States standard, only four
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3
et ectromagnetic wave to formthereby a modulated information signal wherein
the information content of the signal is 30 conprised of a series of

di screte evel s (or phases). The encoding schene of Fi
il st—raﬁéég?'ﬁ?@t andard selsested for digital, celfufar radi o%ﬁ%ﬁ@““

comw’ual cation systems to be’inplenented in the United States. Wth
particul ar respect to the United States standard, only four - -13-
differential changes between any two sequentlBad vectors are permitted. Such
an encoding schenme is referred to as a differential quaternary phase shift

k SK Fiq.. 4 hi cal t at f f 1S
or Fig. 5 oa piditecantial Ehanges SnobiBenC anvh IO SeHEEAL YedlBrE e o
4 rep][ ese{lts th;pegmtﬁedof Suehgagalgeénwglhgiscgg%nshbwfemdd%gmssa pl ot ggd
The vaveform s %F%’P‘@%%%%@? Sy phash, ingr, (BQESK), Y.
Th f g B t
fhenaverorm s SRR Suapat s B RO, (ot e

f t h d f
o o iz e R, o RSN MR
representation & IePERSEN thaveowen oA %!BF‘@'} §°§Gd$l{ns efms 0k nodul at ed
s plotted 15  niliwhMe:! pRitted éseauemamuoﬁ REPFequBhiy:t sdatedni tednts

conposi te nodul a gha vi,ng bot h | ude- nodul at’i,on_co
(sinilar to Fi g éﬁ aﬁkl!s Iﬁl"ﬁo R WaverQny; Wsapepg;prﬁé atbﬂéjt
The power of tha mm&prfrreqaenbypl fon mdroaedf byi réference numerdinBde axis

abeci 3sa alE cSidehantis, B ad B8, 1A 308! Infrilaifon-Cothling, pifibh "

i ndieat ed by remrme:avmiarm 6TheCbandwitith cofthe M @ighakds shdigateds 66 .
and 68. The ban@w B By DQAPSK signal is indicated by segment 69. 25
phi ca

Fig. 6 is agra representatlon of two adjacent
_ Turning now to the graphical representation of Fig. 5, a

waveform upon which a DQPSK signal is modulated is plotted

15 as a function of frequency. A DQPSK modulated signal is a
composite mod_ul_ated signal having both amplitude moduiation
- components (similar to Fig. 1) and phase modulation
components (similar to Fig. 2B). The power of the waveform,
scaled in terms of milliwatts on ordinate axis 60, is plotted as

20 a function of frequency, scaled in terms of hertz, on abscissa -
axis 62. The signal is centered about a center frequency, fc,

~ indicated by reference numeral 64. Center frequency 64
U defines sidebands 66 and 68. The bandwidth of the DQPSK

signal is indicated by segment €9.

25 - Fig. 6 is a graphical representation of two adjacent
transmission channeis wherein each transmission channel is of
a bandwidth of thirty kilohertz. Hatched lines 74, 76, and 78
of Fig. 6 indicate the reSpective ‘boundaries of the adjacent
channeis 70 and 72, wherein line 76 indicates the boundary _

30 between channels 70 and 72. Similar to the graphs of Figs. 4-
5, the waveforms piotted in Fig. 6 are plots of power as a
function of frequency.  For purposes of illustration, the
waveform plotted in transmission channel 70 is a frequency
modulated signal having center frequency 80 and sidebands 82
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transm ssion channels mhereln each transm.ssi on channel is of a bandw dth
of thirty kilohertz. Hatched lines 74, 76, and 78 of Fig. 6 indicate the
respective boundaries of the adjacent channels 70 and 72, wherein |ine, 76

I NdWOO2/0299k  boundary 30 between channels 70 and 72. SIRGT/aiS91/0480e ‘"
graphs of Figs. 4- 5, the waveforns plotted in Fig. 6 are plots of. power as
a function of frequency. For purposes of illustration, the waveform plotted
in transm ssion channel 70 is a frequepgy nodul ated signal having center
frequency 80 and si debands 82 -14 - and 84. As described herei nabove,

si debands 82 and 84 represent the information-containing portion of the

‘modul at ed ando8fut Ashdesgribed hecemamveanendebandsr B2qandc84drift of a
transm “erﬁte]séntgftﬁb '|ﬁtd%ﬁ'i§% {:hf‘ébﬂm. fh% mjom Bf 2tHe nﬁwo%msg agds of

t he signal the thir ohertz ban channe or an
‘anal og, fr cmationqsignal si- gnal plotted in transm ssi on channel 70,

per mi ssi bl e frewefurtaﬁr Iairhouhttafe freguaindys dritt! Gﬁtéﬁtréusmlﬁéd 86 pi ctured

above enter uenc [ at es
- posi tidni ng! ¥m§93¢ étcé/)tm‘é m ti ﬁ%ﬂe%\“&% _
‘mai nt ai ni ngrgnal wrthlal thetthrrtyt kdohentziabandwrdtmlﬁnohannel rm ftFot the _

T eauency AN Snaid. TRAnEH pBGUBRbe  Bignal atbleh IPaasAbaRIEras LD

and 84 wi tehannné ?ﬂr rparmissiier tflzequeaeyddnfbfo t the ceignal| rsro

- Quant itati l teﬁféﬁawaw ;ﬂ %UB\H Q‘hbritbrtfréqﬁ =
appr oxj mat ertz.on eit cent er uen The
si gnalQ cengég@ﬂ ustrates m%qﬂ le PQS!BPBH!Q}dOf)meefQQ We numengly

o fr'ezﬂ'eﬁmé“ S‘."F@”Pa“s'i"‘f"“”““édS*'"g“**'"éﬁ"ﬁﬁc?*‘z???‘ﬁ"‘%"dzﬁﬁﬁais
82' and 84 w\{ nzoﬂtdaﬁrgi &ﬁ'&ﬂdc%'ﬁfr WaVRsni ssi on

channel 70of Ithel mcdulatedob'ddrniatmvesrgnahmhrch does not exceed in
frequency the drift indicated by arrow’ 86 mamtatns the _
15 sidebands 82 and 84 within the thirty kilohertz bandwrdth of
the. channel 70.: Quantrtatwely, ‘the frequency drift permrtted
of the signal is approximately 2, 100 hertz on either srde of the
center frequency The ‘signal centered about center frequency
fe's mdrcated by reference numeral 80°, indicates a frequency
20 = modulated signal whrch has drifted upwards in frequency, but
still within the permrssrble frequency drift. -Sidebands 82' and
84, are maintained within the boundaries 74 and 76 of o
transmission channe! 70. It is to be -noted, however, that : L4
further. increase in the drift of the- waveform would cause '_ .
25 - sldeband 84' to extend beyond" the boundary 76 separatlng
~ transmission channels 70 and 72. Such a drift can result in
overlappmg of srgnals of the adjacent channels and thereby
cause interference  therebetween.
Transmission channel 72 shcwn in the nght-hand portion
30 of Fig. 6 defines. athirty kilohertz - transmission channel |
extending between hatched lines 76 and 78. For purpcses of
illustration, a DQPSK modulated information signal is
positioned within the transmission channel 72. . The modulated
information signal, similar to the signal of an 5, is centered
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further increase in the*drift.of -.the waveformwould cause 25  sideband
84' to extend beyond the boundary 76 separating transm ssion channels 70

and 72. jft can result in overlapping of signals of the adjacent
channel s%ﬁﬂzﬁg eby cause.interference therebetween. Tr ansm’@’&é%ﬂ’éﬁ%l
72 own in the right-hand gortion 30 of Fig. 6 defines a thirty kilohertz
transm ssi on channel .extendi ng between hatched Iines 76 and 78. For

purposes of illustration, a DQPSK nodul ated i&¢ormation signal is
posi tioned within the transm ssion channel 72. The nodul ated information

e ™™ o3, B8t Phadbfcy ten nfRRNHEY, tafefSacBCR NG S0°"
defines si debandSesaterafrbquencih80 defines: sidebandsedfi anddg4f a discrete
than the frequency drTHE HedueeR dite. Bebitag B.8"ie8lS sighal *sughh o
the signal illus$ aﬂ'ﬁj signal diiystratedninc transmissian Aghanneis 78 dsuless above
i screte, - erodanan the) feqteticy. Wit permifed prIs-eqivahtiohal atdlng, ..
t7 8 arr gwdS]ES_ 10 ;323 -ﬁ@%?gﬁ@@@'@%‘?g?}{ﬁdo? tﬁé_aﬂsmlSSi_Qih ml
0, and defines 70k PArfow! 96 pistaredcabdve’ cetiter "requimicy 90 NG s
o gnal | et i b, ooy el b G ety Srabed Sigval of
frequency. This tramsmissiohe cianieli 7215 Arrpw 96 ncomrbgpondsotocarrow 86
The much snd 1 e Piptdred Bovir infbligh, sBlke af 6F Y nn™ ehariel 7o,
onl Mecause_ of and |definesf thecpermitied; frequency: «riftcofirthe disorete,al so,
ool cannot ' orAds Sorl CuariRslelS. 18, SREAGY O8re fed
is shifted in Of a discrete, encoded signal is approximately 200 hertz on
either side of the center frequency. This-permissible drift is
15  approximately one order of magnitude less drift than that .
permitted of a conventional analog signal. -
The much smaller frequency drift permitted of a DQPSK
signal is due, not only because of spilling of the signal into
~adjacent channels, but, also, because receiver circuitry for
20 receiving and demodulating a DQPSK signal cannot receive and
 demodulate a DQPSK signal as accurately when it is shifted in
frequency. S '
Y While frequen_cy control (i.e. locking) is advantageous
(and sometimes necessary to prevent overlapping of signals) to
25 minimize frequency .drift of a conventional analog signal,
frequency control is virtually always necessary when certain
discrete, encoded signals are transmitted. Digital signal
processors may be constructed to provide an indication of the
center frequency (or other reference frequency) of any
30 transmitted signal whether the signal is a conventionai analog
signal or a discrete, encoded signal.- The power consumption of
a digital signal processor is, however, significant. When
discrete, encoded signals are transmitted, a .digital signal
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feequency. While frequency control (i.e. Focki ng) i s advant ageous (and
soneti nmes necessary to prevent overlapping of signals) to 25 mnimze
frequency drift of a conventional anal og signal, frequency control is. —
Vi rt\Wel 92/02891ays necessary when certain discrete, encodedPETFUSY 048754 ‘f”
transmitted. Digital signal processors nmay be constructed to provide an

i ndi catton of the center frequency (or other reference frequency) of any 30
transmtted signal whether the signal jgga conventional anal og signal or a
di screte, encoded signal. The power consunption of a digital signal
processor is, however, significant. Wyen discrete, encoded signals are
‘transni ttedprecesepn as. sequired to be qmerawsoromy intermittently Mheperat ive

only inter s are transmtted.
Turni ng novrI/H?éo %ﬁ;cgn&?g r SFeoﬁﬁﬁsﬁ'hFﬁﬂ nts of the frequency
control system of WHE’Q)M ehh%daaeram 9 8. i h thecelements) ock
form The fbﬁQhﬁn%mﬁ)" c@dﬁb?@ﬁﬁﬁﬂ%ﬂﬂhéhﬁrﬁéﬁ?%véﬁﬁeﬂt 'é?é s

t t o, det th .
i Sor Bt o, SHANRIAR (HNRAOREIADIOR, IORR.on The, 1E9GUBACH CORUBH SHEM “anal og

gﬁldyl 3}1 gﬁ It einbody . r:rsamntthegpﬁésem dnwenﬁbnsus;."jeﬁalwe ggggﬁemmgdter?; e; In \;le

and, then, gﬁg?;\ghﬂgﬁ :E)d ma%i@r'm@m 3%8% éﬁastﬂ? r@cﬁ%&igt hereby 3

m ni m zi ng. eh modu i rn1aone'_' alson a gonventional, when -

. Fedeiving agy n8ltY WodUigtea infirrhBe sidhal tha, G it sipin@ral processor
may be ut|||ze ermne t refreren *r gy of “fhe.transmtted .-

- . si gnal 10 ThePrQGRSSAR tlsdomaave &ﬂ“ewnﬁ%omé&f Bﬁmlﬂﬁ%llﬂ @mgﬁan or Qs
discrete, gigmalg8 &l éisérete Sehbéﬂ%@! %i@ﬁhlt cafd, Qﬁéﬁ“r&myo{vh@m%he '
el ectromagnegl’l ¢ ve receiyin la?w ce 3 ?hereb m'ﬂlmmreceﬁged by
ant enna 11091SEr@t9, SNGYP aﬂ f'ised' cPf ed y
power ccnsumptlon of the prccessor
o ‘Alternately, when receiving an analog mformatlcn signal,
15 the digital signal processor may be utmzed to determme the
reference frequency of the transmltted slgnal '
The transmitted ‘signal, either a conventnenal analog
signal, or a discrete, encoded sngnal ls transmttted to an
antenna (or other electromagnetlc wave receuvmg devnce) 110
20 The sugnal received by antenna 110 ls fnltered and amphfned if
. necessary, and supphed to first down ‘conversion clrcuut 112.
Down conversion circuit 112 converts the transmrsslon —
frequency signal (whuch may, for example ‘be of 890 _ B
| megahertz) into ‘a signal of a lower frequency, such as, for
25. example, 45 megahertz. Down conversnon ‘circuit 112
generates the lower frequency slgnal on line 114 thCh is
coupled to second down conversion circuit' 118. Second down
conversion - circuit 116 converts the ssgnal supphed theretc on
line 114 to a baseband signal. Down conversion ctrcult 116
30 generates an ln-phase signal on line 118 and a s1gna| m-phase
quadrature therewith on line 120. “The m-phase sugnal '
generated on fline 118is ‘supplied to" baseband filter 122, and
the quadrature signal -generated on line - 120 is supplied to
baseband filter 124. Down conversion circuit 116 and filters




;necéssary, and supplied to fjrst.down conversion circuit 112. Down
conversion circuit 112 converts the transm ssion frequency signal (which

may, for_exanple, be of 890 nmegahertz) into a signal of alo fyequensy.
sugh, as, WOR/92991 oyanpl e~ 45 megahertz. Down conversion ci r\gﬁbglqggﬂ&%

geﬁELates t he | ower frequeﬂcy signal on line 114 which is coupled to second
down conversion circuit 116. Second down converS|on circuit 116 converts
the signal supplied thereto on line-114 to- d 7raseband si gnal . Down
conversion circuit 116 30 gener at es an i n- phase S|gnal on line 118 and a

si gnal in-phase fid V4§ 84t v

generated on Ilnﬂqd% 'ig Pﬁzwc;[dobtg' se gﬁ’ t 51929 méaﬁ?ew%mu't
quadrature si gnél igefaf ﬁfr dﬁ @sn@ Zego; y\'@umﬁ |€§ﬁ tfseanensynfZIF) wircuiba.
Down conver si on jfusteatéd 15§ gmj;n‘ 128" %hown Jﬁ,— h&ahand 124 may toget her

| t t
St or mdi ate T equendotEre) signals pandrited sbu fiflgrs, 122 40d 1 3omee;
hatch. Filtd&ed frwraltedgenehaesdms andt 439, mpau'hvbw aiFiitérs 122 egrnd ed
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al so gener at ers] Digital psigrmlgtobcessbr rpz]:de@ssis othe digitdl csignat stpplied |
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the information signal transmitted in discrete, encoded form
15 to antenna 110. Digital signal processor 134 aiso generates an
output signal on line 140 which is indicative of the center, or
other reference, frequency of the transmitted signal. The
signal generated on line 140 may be utilized to lock the
frequency of the receiver to the center, or other referencs,
20 frequency of the transmitted signal.
When the signal transmitted to antenna 110 is a
conventional, analog signal, the filtered signals generated by
. fiters 122 and 124 are supplied to up-conversion circuit 142.
- Up conversion circuit 142 converts the filtered, in-phase
- 25 and filtered, quadrature phase signals generated or: lines 128
and 130, respectively, to a higher-frequency signal, and such
signal is generated on line 143. The signal generated on line
143 is supplied to the demodulation circuit 144. The
demodulation circuit 144 demodulates the signal supplied
30 thereto by conventional frequency demodulation techniques.
Conversion of the baseband signals generated on lines 128 and
130 into a higher frequency signal is required for demodulatlon
by conventlonal demodulation circuitry.



frequency of the receiver to the center, or-other reference, 20 frequency o
of the transnitted signal. Wen the" S|gnal transmtted to antenna 110 |s a
conventional, analog signal, the filtered signals generated by filters._

and Yﬂl9AﬂB9%hppl|ed to up-conversion circuit 142. . Up conﬂ&ﬂ@lﬁﬁldmmmu|=J~
142 converts the filtered, in-phase 25 and filtered, guadr at ure phase

si gnal s ~generated on Iines 128 and 130, respectively, to a

hi gher-frequency signal, and such signagkai s generated on |ine 143. The
signal generated on line 143 is supplied to the denodul ation circuit 144.
The denodul ation circuit 144 denpdul ates the signal supplied 30 thereto by
conventi onal f recDedetdajbmulmmh 1t4dclgemmescanvew:®reaghat henbaseband
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syst emi Bornpindicativen of-the center, 157 @Bﬁéréﬁ enceoffI’QQBB!IGY\A/nlfcihQ)ermtw

‘nmeans for piRMpshingd' rg@t@‘lcy drift caused by anbient conditions and

t

voltage irregu aréééeeﬁse Yansmitter which transits a 'modulated " " "
lnformatron signai, and, which. in partlcular mstance of a
cellular commumcatron system compnses a base station,

15  generally is of a size which _permits  means for preventing
frequency drift caused by ambient condmons and voitage
irregularities to form a portxon of a transmltter the center, or
other reference, ‘frequency of the transmltted sugnal may be

~ used as a reference frequency by the receiver.

20 Turmng now to the partlal block; ‘partial schematic
illustration of Fig. 8, a preferred embodlment of the frequency.
control system of the present mventron is shown A S
modulated, ‘information signal, erther a conventional, analog o/
signal or a discrete, encoded sugnal is transmitted by

25 transmitter 150 and is ‘received by antenna 152

-Antenna 152 supphes the recelved signals on fine 154 to
frlter 156." fulter 156 forms a passband to pass sngnals of
frequencies within a desired frequency range on line 158. The

. signals passed by filter 156 are supplled to mixer circuit 160 -

30 to down convert the modulated signal received by antenna 152.
Mixer 160 receives an oscillating slgnal on line 162 generated
by voitage’ control oscillator 164. Voltage control oscillator
164 forms a portion of a conventional phase locked loop (PLL)

~circuit including phase detector 166, filter 168, and dividing



other reference, frequency of the transmitted signal nay be used as a

ref erence frequency by the receiver. 20 Turning now to the parti al
bl ock, partial schematic illustration of Fig. 8, a p_referreq,\',‘\ﬁe]m%gilm%of
the frepoonggr9epntrol system of the present.invention is shown.

-modul ated, information si.gnal, either a conventional, analog signal or a
digcrete, encoded signal “is transmitted by 25 transmitter 150 and is
recei ved by antenna 152. Antenna 152 suppl-i¥-the received signals on line
154 to filter 156. filter 156 forns a passband to pass signals of
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correspond wit h7down conversion circuit 112 shown in the bl ock di agram of

ofiane cobfrol 1 q oGHENIY TOHEIAD & S680Rd, Pht, gt cofBmsbarrc’
and di vi di ng ci voltage nantseldedooscilalor 1382,nlawpassafiltey Ji8thaphase he
setond LO i nput datedtorc¥86" dndSaividitg Scirsuits P88 candui B0 gravides! ahy 180
are encl osed -byogcl:fflcalﬁinlgzg”ngnal to the second LO input of circuitry 180. The
second PLL circuit and circuitry 180 are enclosed by block 126,
15 shown in hatch, to correspond with the zero intermediate
frequency circuit 126 of Fig. 7. |
Reference oscillator 192 generates an oscillating signal
" on fine 194 which is divided by dividing circuitry 196 to supply
~a reference oscillating signal to the intermediate frequency
20 reference input of circuitry 180. Line 194 also is coupled to
the oscillator circuitry connected to the second LO input of
- circuitry 180, and to the PLL circuit which provides an
~ oscillating signal on line 162 to mixer 160 to provide thereby
\/ an oscillating signal to each of the PLL circuits. | |
25 Intermediate frequency section circuitry 180 ‘generates |
" and Q output signals on lines 198 and 200, respectively, when
the modulated signal received by antenna 152 is comprised of a
discrete, encoded signal. . When the modulated signal received
by antenna 152 is comprised of a conventional, analog signal,
30 intermediate frequency section circuitry 180 generates anr
audio output on line 202. Line 202 is coupled to audio
processing circuitry (not shown). When antenna 152 receives
the conventional, analog modulated signal, circuitry 180
further generates a phase detection output which is supplied to

€



15 shown in hatch, to correspond with the zero internedidte frequency
circuit 126 of Fig. 7. Reference oscillator 192 generates an oscillating
signal _on line 194 which is divided by dividing circuitry 196 to supply RN
r ef er IMOI268299% | ating signal to the internediate frequency BOT/ U%?légﬁﬁde o
i nput of circuitry 180. Line 194 also is coupled to the oscillator '
circuitry connected to the second LO input of circuitry 180, and to the PLL
circuit which provides an oscillating si-@® on line 162 to m xer 160 to

* provide thereby an oscillating signal to each of the PLL circuits. '
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genera?es Iyam& ?S @hﬁe )é aqi] Eaﬁé coppecyo at ed
out put si gnaltmewlozemconvemt@ mlam!tsz glndatlprooessorez&,Z‘iBlﬁttd B&o, .
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converters 208 andPmcessor 312 ducther receives iphase tangle, obtfeeqmeacy, .
Sbase angr o hiGHAaRoR Tndlaatety WP Miefde GRRAN fenerkied=by i
gener ated by 304 twhtch is supplled to the processor 2¥l2 through analog- to- _
digital converter 214.- Digital srgnal processor 212 processes
15 the | and Q signals and the frequency mformatlon supplled
thereto, and generates output signals which are converted to an
analog - signal by drgrtal-to-analog converter 216
- The analog signal generated by D/A converter 216 is
supplied on line 218 to frequency control swutch 220. Line 206
20 is addltronally coupled to frequency control swutch 220.
Switch 220 is actuated by an external slgnal supplled thereto
on line 222 which alternately connects line 206 or line 218 to
the reference oscillator 192. -The slgnals supplled on lines 206 -/
and 218 are indicative of the frequency of the: signals received
25 _ by antenna 152. - As described hereunabove, the signal on line
206 is mdrcatlve of the frequency of the - recewed signal when
the srgnal is a conventional, -analog srgnal and the signal
supplied on line 218 is indicative of a dlscrete. encoded signal
received by antenna 152. The slgnal supplled on lines 206 and
30 218, respectively, are utilized to alter the oscrllatmg
frequency of osctllator 192. More partrcularly, the ‘changes in
frequency of oscillator 192 correspond to the _ch_anges in the
frequency of the signal transmitted to antenna 152.




204 which is suppliedto the processor 212 through anal og-to- digital
converter 214. Digital signal processor 212 processes 15 the | and Q

signal s arglolohfp) %Fquency i nformati on supplied thereto, and ge
outRutf signal's  which are converted to an anal og si gnal ml/ﬂ&u

di gital -to-anal og converter-216. The anal og signal* generat ed by DA
converter 216 is supplied on line 218 to frequency control swtch 220. Line
206 20 is additionally coupled to frequency 2fontrol swtch 220. Switch 220
I s actuated by an external signal supplied thereto on |ine 222 whi ch

alternately connects | Iator 192.
The si gnalg supplied oﬁ“ﬁpﬁgg%éhégd féi@%@ﬂqﬁdlbédtéﬁﬁﬁﬁg hQ 4'?%quency
of thle Si glnal S rzeelaotmm%conymdlammaon&ﬁhe«s slwﬁchl. beFoneexamgiiey eswito
signal on line a
V\,hgn the signal i%zgs@ld%ggt Fg "?g%é\:ﬁ} og@%ar}f an %‘ﬁg gagﬁeﬁéﬁﬁgeaeﬁ‘
on line 218 is mﬁiﬁ: forme off aa2:1 soulliplexefcoded si gnal recei ved by antenna
152. The sigrgl suppl |vgrﬁmld 'W fd,)qh Bl%k rﬁw%gg'@%ﬂére

a

utilized to alter,th ue%c OSCI | at qr
particularly, the'"b'ﬁg' N |Qf r'QqLﬁan %5@ te| ar f[ embaodimeat 1of the
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or other, sw %/ch lg-rgFeé g % I? mvw%@q %8 @Eﬁ
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I nformati on S|gn§9|strans tran trer

ant enna 252. Ant ﬁ@%gzpaﬁgbanestq massemnals of ‘a desired frequency range
: on line 258 to mixer 260 to "down-convert® the modulated

15 signals received by antenna 252. Mixer 260 receives an
oscillating signal on line 262 generated by '\?olt.age control
oscillator 264. Voltage control oscillator 264 forms a portion
of a conventional PLL circuit including phase detector_ 266,

filter 268, and divider circuits 270 and 272. The signal mixed

20 = by mixer 260 is supplied on line 274 to bandpass filter 276.

~ Bandpass filter 276 contains a passband to pass signals of
desired frequencies on line 278 to the intermediate frequency
O input of intermediate frequency circuitry 280.
Circuitry forming a PLL comprised of voitage control

25 oscillator 282, lowpass filter 284, phase detector:286, and
divider circuits 288 and 290 provide an osclllatmg signal to
the second LO input. of circuitry 280.

Reference oscillator 292 generates an oscillating signal
on line 294 which is divided by dividing circuitry 296 and

30 supplied to an intermediate frequency reference input of
circuitry 280. ' Line 294 is also cdupl_ed to the oscillator
connecting the second LO input of circuitry 280, and to the PLL
circuitry which provides an oscillating signal on line 262 to



- signal recelved nna

" sikgnals on line 254 to bandpass filter 256.- Bandpass filter 256 fornms a
passband to pass signals of a desired frequency range on Iine 258 to mxer
260 twggg fAygsogonvert the nodulated 15 signals received byp %

M xer. receives an oscillating signal on line 262 genera e y Vol Jv
control oscillator 264. Voltage control oscillator 264 forns a portlon >
conventiconal PLL circuit including phase detector 266, filter 268, and
divider circuits 270 and 272. The signd 2%t xed 20 by nixer 260 is supplied
on line 274 to bandpass filter 276. Bandpass filter 276 contains a passband
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frequency. i nﬁlﬂ §L Fnger.
a PLL conpri t8.cont roI 25 oscillator 282, | ovvpass filter 284,
phase detector 28ﬁute?ﬁibd¥etedﬁfe tseéﬁBna@ﬁ'roﬁJi p'ZBO eﬁéré’?éﬁ Ifl ating .
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c:crcwtrstr29modwaw ngal lmdeﬁvedm ramtem{na faszfrseoo edafori;francenl nflﬁte :
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an osci | | at i receivgdabyoantenna 262 tis comprised: of mmmnﬂlp\awoghereby
Section o Lﬁ%@%@#ﬂ*ﬁﬁﬁéﬁﬁfﬁgﬁf " $Hdighn Sirouiiey’ 20, Ydnekafy oY
- respecti vel yanveudlq eutput sigaal enclinei 40 rl-éﬂelaea is,coupledidoraudias.
e
o e ul Soah AeChURMA AR GSh. St ey, o
out put si gna280nfurrther 1etdtes aoahaseca:latecdom output whichpriscessing
circuitry (”Qﬁpﬁﬁgd’nto SP fﬁﬁe”r?ilt%?sb%cede’r?&a%s a filtered output
srgnal on Ime 306 indicative of the phase, or frequency. of the
15  signal recerved by antenna 252
Intermedlate frequency . sectnon crrcultry 280 generates |
and Q output. signals on lines 298 and 300, respectrvely, when .
the modulated srgnal received by antenna 252 is comprised of a
dlscrete, encoded signal. - The | and Q output signals formed on
20 lines 298 and 300 respectwely, are supplred to analog-to--
drgntal converters 308 and 310.  A/D: converters 308 and 310
provnde drgltal signals to digital sngnal processor 312. While
Fig. 9 illustrates parallel connections between converters 308 W
and 310, a_nd processor 312, it is to be ‘noted that serial |
25 connections are similarly possible. Digital signal processor
312 processas the | and Q signais supplied thereto, and
~ generates outputs which are converted to an analog signal by
drgltal-to-analog converter 316. The analog signal generated
by dlgntal-to-analog converter 316 is supphed on line 318 to
30 reference oscillator 292,
The embodrment of Fig. 9 dn‘fers from that of Fig. 8 in
that instead of supplying the signals generated on lines 306
and 318 to a switch, the signal generated on line 318 is
supplied directly to reference oscillator 292, and the signal



conventional, anal og nodul ated i nformation signal, circuitry 280 further
generates a phase detection output which is supplied to filter 304. Filter .
304 genex i1 tered output signal on line 306 indicative ,
orJLfequgﬁégénngthe 15 sitgnal received by antenna252. Interﬂ%r#%?g?@ﬁﬁﬂ
frequency section circuitrys280 generates | and Q output signals on |ines
298 and 300, respectively, when the nodul ated signal received by antenna
252 is conprised of a discrete, encoded sréﬁﬁT. The | and Q out put signals
formed on 20 lines 298 and 300, respectively, are supplied to anal og-to-
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’ a discrete, encoded modulated information signal, oscillator

15 320 is disabled, causing unbalancing of the image reject mixer
324 such that the second LO feedback signal passes through
circuit 324, and the second LO divided by N circuit is
reprogrammed. This locks the second LO to the frequency of
reference oscillator 292, and digital signal processor 312

20 generates a control signal on line 318 to alter the frequency of
oscillator 292 qorrespondihg to the frequency of the signal
received by antenna 252.

Reference oscillator 192 of Fig. 8, and reference

oscillator 292 of Fig. 9, may, for example, be comprised of a

25 current controlled oscillator when the signal supplied on lines
206 and 218, and line 318 are current signals. Alternately,
oscillators 192 and 292 may be comprised of data driven
oscillators when the signals supplied on lines 206 and 218, and
on line 318 are comprised of data signals. A data driven

30 referance oscillator is advantageous for the reason that noise
generated on a control line does not cause frequency variations.

While the present invention has been described in '

connection with the preferred embodiments of the various
figures, it is to be understood that other similar embodiments



phase detection output signal generated by-circuitry 280, is 10 supplfed
to filter 304. The filtered signal generated by filter 304 is. supplied on
l'i ne fset oscillator 320 which, when connected as tr d,—
al tel“i8?ﬁ}&ggil | lati ng frequency of the second LO input. éﬁlﬁﬂlé@é 25?
conversely, receives a discrete, encoded nodul ated information signal,
oscillator 15 320 is disabled, causing_unbalancing of the image reject

m xer 324 such that the second LO feedb@8k si gnal passes through circuit
324, and the second LO divided by Ncircuit is reprogramed. This |ocks the

o ocessor 3TRY e EHE AnY MoBRCR AT afef dcfishs ey, B8lgiadh 9 0™
frequency - oth@sdescabed mbedrmesmnmrngetrtomq theusame ofunationi gnat
recei ved- by é)ﬁ'bt Raieh wﬁﬁbhr gr,,gt ” o{hﬁ% ,?‘ and reference

oscil |l ator a 25 current

control | ed rP ‘H'Port%eﬂf%tsl %&%%W@'ﬂ’ Mtlb E B, and
line 318 ar su%ggmbadmmm bat tralthet eionstmadlimthraadm%nddséa erray be

conprised o % f@\éﬂ’ he. Si é f‘g on |ines 206
~and 218, an "f%&vgﬁ@ @ﬁpfﬁci 3{]‘# f'&é gﬁﬁ ﬁﬁ%ﬁ S<driven 30
reference oscillator is advantageous for the. reason that noi se generated on
a control |ine does not cause frequency variations. Wileé the present -

i Aventi on has been described in connection with the preferred enbodi nents.
of the various figures, it iss to be understood that other simlar

‘enbodi nents =~ -24 - may be used and nodifications and additions may be ..
made to * the described embodiments for perform ng the sanme function of\y/
t he present invention w thout:-deviating therefrom Therefore, the present
i nvention shoul d not be limted to any 5 si ngl e enbodi ment, but rather
construed'in breadth and scope |n accordance with the reC|tat|on of - the
appended cl ai ns. :




.Clains 1. A frequency contral systemfor correcting frequency differences
bet ween a receiver operable to receive 5 an information signal nodul at ed
upon a NOr9240299ve characterized by a certain frequency to fB@mmSmVW:za
rm&ul ated information signal, and a transmitter which transmts the

rmd_uJ ated information signal, said frequency control system conpri

meaiis, including at |east .one variable freggncy oscill a
an oscillation frequency, for receiving the nodul ated .iin m}mm' M?mi ,'il
15 means form ng anal og signal detection CI'I‘ cul tlcy

determ ni ng theCdaiM& n frequency characteri.zing the carrier wave when the

i nformation signal nodul ated thereupon is an anal og signal, and for
generating a first frequency ref$rence si-gnal IGdI cative of the certain

frequency determined ther dby; A20 TheSHBNGY, (G isysteme far gerreaingct i on
circuitry for dﬁbﬁdéﬁﬁy”ﬂilﬁbﬁeﬁ@éé abéhﬁééﬁ“ﬁ“?écéhﬁ&ra@b%'raélé‘Qlot frécéwé' er
wave when said informatiqn s;sg gftted thereupon is a discrete
encoded si gRal, Qnﬂ‘fpwag@r\'b Qﬂﬁbfﬁ y%@@’oﬁ@‘?’?eﬁ iPr, Wa¥&nce signal
i hdi cative of toharactenized ibyq @ oartaiat érequency hter fosm ﬂml' g for
altering the os a | I at or
esponsive to vilRdaed, hﬂs?h%@f% é'c“%?’r A %ﬁéﬁ%ﬂzﬁ%y\gﬁsﬁt or the
second frequenctransmitenthe smadulated inforematiamesignal; reait drequency
di fferences bet h e transmtter. 2. The frequency
control system ze?‘ii{c}'lcgu §¥§€§ﬁr @mﬁ?giﬂa | '
means mcludmg at least one variable frequency
oscillator oscillating at an oscillation frequency, for receiving
the modulated information signal;

15 means forming analog signal detection circuitry for
-~ determining the certain frequency characterizing the carrier
wave when the information signal modulated thereupon is an
analog signal, and for generating a first frequency reference
signal indicative of the certain frequency determined thereby;
20 _ _ : |
' means forming discrete signal detection circuitry
for determining the certain frequency characterizing the
carrier wave when said information signal modulated
/ thereupon is a discrete, encoded signal, and for generating a
25 second frequency reference signal indicative of the certain
frequency determined thereby; and

means for altering the oscillation frequency of the
variable frequency oscillato_r responsive to values of the first
30 frequency reference signal or the second frequency reference
signal, to correct thereby the frequency differences between
the receiver and the transmitter.



conprising neans formng a switch for swtching between the nmeans forning
anal og S|gnal detection circuitry when the information signal is conprised
cof t iSignal and the 5 means form ng discrete si Pg

circul try V\zﬁn the information signal is conprised of a di g;c&ﬁl/ Si@%ﬁgedf"
signal. 3. The frequency control systemof claiml WRer el n- Tt he neans -
form ng discrete signal. detection circuitry i s when. t he

i nformation signal is conprised of the el25(:ret j'l B amﬂ ﬂ;ll"rl4 The
frequency control systemof claim3 wher ei n the 4T requ IC ef erence

ompr sees “cont ol veRr aéﬁfeg]fﬁaﬂgﬁéﬁ‘tb§°§%t°%@&gﬁaét S e

portion of tKGOMREAING dnems)cformmgga switgh faregwitehingoetweery sthem of

claim4 wher JTE5, T | circuitr
generates a gﬁ ﬁ? f?&ig €56 Id‘\gg ﬂgﬁ\%}t q}&@n%m{tﬁﬁkglﬁh e, s _y
conprised of IRfoEmation cﬁ'ﬂ@ﬂl:tlﬁaﬁoﬂiﬁf '§9§c '

i
i eedswrgﬂalandzahe

d SI?&252?3‘8"““"3?3'1"?2#%‘?’5@&?ﬁ Slopil E?e‘“‘s IR Her o8 19,
control vol t HYOr gﬁm%tﬂgr@} tSh¢ REiS G«reloéc?oa' %ﬁ Wl‘é&gaéoﬂﬂ - anaog
signal detection ci rcwtry when the i nformatlon S|gnal i s conprised 30 of
the signal other than t Cr, n
control system of clai 1 mgﬁ&égﬁgﬁrﬁ *%’%‘ﬁg‘eﬂf P’i{; ﬁg?e'

. detection ci thei mqamsrforemr@rmscsetefslgmadndptmuucumnttycnscuutry

havi ng f sef | afd Y1 the. .
carri er?? w§ QB&& qﬁlg wweéjg{'t‘(f‘nggdn@#'ag é@rﬁ]o :ledmk?%ewelﬁtgsal du
means formi nQ'ftﬁ@éﬁetQﬂ@@ﬁﬁl s!ﬂﬂﬁ!et ion circui try corrprl ses .a digital
signal . processor. _

4. The frequency control system of clanm 3 wherein -
the first frequency reference SIgnaI generated by the means
- 15  forming analog signal’ detectson cnrcu:try compnses ‘a  control
voltage ‘generated by a phase detector formmg a portlon of the
means for demodulatmg

_. 5. The frequency control system of claim 4 wherein
20 said means formmg discrete stgnat detectson circuitry
generates a slgnal ‘of ‘a preset value when the information
signal is compnsed of a sngnal other than the dlscrete. encoded o
signal. R Y

25 . : 6. The trequency control system of clatm 5 wherem .
said means forming discrete slgnal ‘detection circuitry
generates a signal responsxve to the control voltage generated
by the phase detector of the means formnng analog signal
detection clrcu:try when the mformatlon slgnal is comprised

30 of the sagnal other than the dlscrete. _encoded signal.



10 9. The frequency control systemof claim1 wherein sai d means for
receivin co ri ses a reference variable frequency oscillator and an of f set
vari abl € dy 15 oscillator. 10. The frequency cont r ol PEJAUSH/04874

claim9 where| n said first frequency reference signal generated by the———

means: formng anal og signals detectlon circuitry is applied t
of fset variable frequency 6scillator, and Iae_second frequ m; gu Mm
signal generated by the means forming discrete signal circui

to the reference variable fre%uency oscill ator.
: he frequency control system of cla:m 1 wherein

said means 'formmg analog signal detection circuitry further

comprises frequency demoduiation circuitry having offset loop

circuitry for determining the carrier frequency of the carrier
5 wave. -

8. The frequency control system of claim 7 wherein
. said means forming discrete signal detection circuitry
comprises a digital signal processor. |
10 '

9. The frequency control system of claim 1 wherein
said means for receiving comprises a reference variable
frequency oscillator and an offset variable frequency

15 osciliator.

10. The frequency control system of claim 9
wherein said first frequency reference signal generated by the
means forming analog signal detection circuitry is applied to

20 the offset variable frequency oscillator, and the second
frequency reference signal generated by the means forming
discrete signal circuitry is applied to the reference variable
frequency oscillator. :



