POWER LI NE COMMJNI CATI ON MEDI A HAVI NG HI GH HARMONI C NO SE CONTENT The
~ present appljcation is directed toward digital data conmunications and,
t"more particularly, to novel nethods and apparatus for transmitting. digital
- data at a high bit rate in a power |ine communication system having high

~harnoni ¢ 05 METHODS nOAND ABBMU;& {POR JPRANSMI T INGBLGH-BIBRATR i a
thereof. It i'S often-desirable to be able to communicate digital data over
“emsting nedia, suchDZCITAE DATACIIN iRQWER sLINEt COMMUNECATION power neans
within a building. The transm sslon of a nodulated carrier utilizing the
pover |ine media, orMEDIA HAVING HEGH |HARMONIC| ¥DISE, CONIEN®ni cati ons,
present’s uni que problens, because of the non-Gaussi an noi se vol tage on the
~nmedium This mediumis typically corrupted by noise spikes oc- .curring at
intervals equal to the reciprocal of the power |ine frequency (60Hz. in the
United States), i.Thebpresent appddcansion is dixeicsied zd digbtal.daga
intervals. These spikes give.rise to a noise spectrum having power | ine
frequency (60ttmmmhications and.admbre cparsiculssilin 'tminavehdpeghodsyand
power |ine frequency harnonics- decrease the signpal-to-naoise ratio phich '
m ght ot her wi apparatisaifosd cransmitting cdigisalndata@t a high bigprgte
high error rates or a-total communications break- down., It |j ften not
feasible to oﬂ@r&oﬁ@wﬁﬁelﬁmQﬂﬂﬂWFQRi%ﬁﬁ%PBbFXﬁFSF'%ﬂﬁ%&ﬁﬂh&é&?ﬁﬂgp°ngc
‘carrier signal voltages upon a power |ine ignnunicatLons ﬂediun1a.Th'ﬁ may e
b@sdue i n parmoige| egntentsdin Ghe ROYeH oL eb??ﬁ‘ﬂ%‘l‘ﬁ"&ﬁ@g‘?ﬂ%t%?"ﬁgt 9?5?, .

by.aQVerse effect %gogse%%éggﬂgéégfggfg.gg&%& L%Tgtggacdmmunicatg digital

data over existiﬁg media;“suéh as the branéhlcircuits of the

- '2ﬁ98_03,0 METHODS, AND APPARATUS. FOR TRANS‘M TTI NG H G+ BI T- RATEZ[ﬁBIS’QB GAT@
A

commercial power means within a buiiding. The transmission
of a modulated cﬁrrieﬁ u:ilizing the power line media, or |

10 | ~powef'1ine carrier (ELC).éoﬁmtnica:ions, presents unique

'_problems. bécéuSe §f the_noh-Gaussian,nqise vnltage on the .
mediun. fhis medium.ié.tyﬁically corrﬁpted by ﬁoise spikes oc-
éurring at intgrvaiémedual to the feciprocal of :he-poweé—Izﬁgi—
frequency.(GOHz. in_thé United States), i.e. by noise spikes

15 which_occur at 1160 secon§:intervals. These spikes give
riSe to ‘a noise spectrum having power line frequency (60Hz.)
harmonics, in ad&itionﬁtb;caussihﬁ,"wﬁi:e" noise. The power
line frequency ﬁarmoﬁi§§ décfease the éignaL-to-n6ise ratio

_which might othe:wiée_be 6Btaiﬁé§, and often lead to unac-

20 ceptably high error rates:or é-total communications break-
down. It is.ofteﬁ not féasible to overcome the harmonic
noise'pfoblgm by impressihg higher carrier signal wvoltages ﬁpon
a'power.line_communica:iqné médigm, This may be due in part

to legal restrictioms impésed bynpublic,regulatory agencies,



b ch-power line, or bycau5|ng unaccé%table interference | evels.between =
a cent communi cation systens utilizing the sane nedium 05
e/ suggested alternative faor alleviating power |ine ffequercy harnonic’
robl ens has been through the use of spread spectrum techniques, in which
t he - hodul abiyomdvenss sef£feetdupone eqmrnmen:atdmtngnpbwermﬁmm ke a
transm ssi on bandwi dt h- much larger than the original..signal bandw dth. A-.,

v

10 ‘beaincihpowamnoliine; 00Ts bye causing szmccpptablcu dmtferferance i

present i'n the transnission bandw dth, and rejects the noise, whereby an

| pr oved sigmgla(benwaanradjecentoBnmmunicaxieadsgpsemSummﬁiizrngctheand_

particularly nodul ation of the chirp frequency-nodulation form as
descri bed isam@pmedi us. : Spect.rum Systens by Robert C. Dixon
W1 ey-Interscience, 1976), has_been suggested for such use: In the

0 ypical chirp sSnecuggested sltermatisiestfore| gllewpatingepower Line
transmitter structures are required to transmt a signalin veforn1chang-
i ng initi afrequency iharmeniecproblemsmhas iheenthyaugby t gm
second frequency, for a logic one bit and in the opposite dlrectlon fron1the
second fre§9§ﬁeﬁt&PQ¢ﬁ¥¢$r§@°hﬂé&H@#oyﬁﬂnwh%¢bg€£ez@@duﬁﬁmloﬁHﬂEDQﬂﬁap
wavef orm presents special . conplications with respect to bit"
synchronlz§PF@#4§N¥hﬁkﬁ°mWVB§§Fté&ﬂlﬁmﬁﬁal% SRGTY cAVESr ap tFANHARIS LeR
bit and 25 ..clock synchronization_ at the receiving end. Additional

probl ems nBANGWERtRENGR LAESeFefhaRc Fhe Qiginal (signajpbandwiditen A

ransmttin I n entical _bits met hod for - dulatl g a power
1élne connuﬁ%&ﬁéﬁ??(é%??@ﬂfaFSrtF$;§ﬁ iWﬁ -$S r4pet gﬁﬁﬁPA;HQPerSY
nodul at ed power r} 3
resent n the transmlssion bandwidth, and rejects the noxse,
whereby an. meroved signal- to-noise ratio 1s obtained.
Spread spectrum modulation, and partlcularly modulatlon of

the chirp frequency-modulation form, as described in Spread d

15 ' 'Sgectrum'sttems by Robert C. Dixon (Wilej-Inrerscience, 1976),

has been suggested for such use. In the typical chirp spread

spectrum system, relatively complex receiver and’transmi*ter

structures are requxred to transmit a slgnallng waveform chang--

lng Lnxtlally in a first dlrectlon from a first frequency to a
20 second frequency for a logic one bit and in the opposite
'direction from the second frequency to the first frequency
.'for a loéic_zerc”bitﬁ' Thié'chirﬁ waveform presents special
~ complications wich-reépect'to.Bit éynchrcnizecioﬁ_and addi-
tional equipment is required for providing data bit and
25 clock synchrOniration.at-the receiving end. Additional
problems may occur due to-the'frequency discontinuities
appearing when transmitting a string of identical bits.
A method for modulating a power line ccwmunication carrier

" to transmit high-bit-rate digital data modulated power line



cqrrle; 5|gnals and provide relatively high power |ine har noni ¢ noise” | (:}?
i Mmunity, while providing relatively sinple receiver and transmitter _
sfructures and al'so providing bit synchronization between system receiver 5
‘and transmitter, is therefore highly desirable. In accordance with the

p\esent |nvent|on there is provided=a3nethod for transnmitting binary data

f'n which the instantaneous frequency of a variable-frequency transmtter is
agkg predet er m ned centre _frequency at 10 the beglnnln%%?nd end of each

cted time i neRFDALTT SLBRAARS AN PERVAL e, n§ila v eliye Highappwant dintthe

i'nst ant aneous ”ﬁ@?ﬂbhl@rnﬁﬁ.gﬁuﬁﬂfnﬁﬁ% N9 whale wﬁlﬁn\garﬂe%ﬁtvéwst once

during the time: |nteival toa nBXI y n%¥ than the centre
frequency and 155‘PRéf FﬁcﬁlﬁFﬁlﬁﬂ Fé&&gﬁgﬁ &% ahidlso

frequency to traﬂﬁﬁvidgngl bit bynahyoadrditiioan, beﬂﬂ%drh%ylswnﬁﬁaedﬁnmusb
transmtter frequepnc n ntiQuo uring a bit
tiné.interva% to ?ﬂegﬁ?ﬁ Wgﬁ?gréqﬂénggeiﬁg%Fﬁé%ﬁé? Trequency to
transmt 20“,a_second bi fiar gccondancenwiltih ahpr@MQmentemﬂnnhuﬂnn tifertehels

| nvention the '” Q&OHSmEEEBHe?@L %a&n@%ﬁrt%%mﬁ%%rrg gxaaéa 4 which .

pr edet er m ned ce requenc e -beginnin end "ot edac
time interval.. Uhé ingtantanegu§»fsequﬁmsqusﬁbp wariad e frtequandyum

frequency and th@rghamwmnregusecx gmaewetrmﬁe%a%r&ﬂe oG ddH& @ . the

maxi mum and i ni num . or _m ni num and naxi_mm uenci es occurring at the
respective dife- qEBFtBPEhH8195r3§qu&PtQF Fﬁmﬁsﬁ -aateditiimg dnteread, al

respectively. forréhethansiiBsiahy 020a bAGN&ift ithie HIthalriye daFONGHY nary
Caneoue v anom cluebRERYSHLY 1/ heRlRs S beahhce) LS ddne iy
g
: _ - varied at least once during- ‘the time interval to a
_ maximum frequency greater than the centre frequgncy and
15 then to a minimum freque"ncy less than the centre f‘requency
to transmit a first binary condition, and the instan-
taneous transmitter frequency being continuously varied
at least once during a bit time interval to the minimum
freqﬁency and then to the maximum frequeney to'tbansmit
‘20 a second binary condition. | -_

In a preferred embodiment of the 1nvent10n the
instantaneous frequency of the transmitter is at the
predetermined centre frequency at the beginning, middle
and end of each bit time interval.. The instantaneous

25 = frequency varies to the maximum frequency and the minimum
.frequency once within each bit time interval, the maximum
and minimum, or minimum and maximum, frequencies occurring
at the respective one-quarter and three-quarter times in
the bit—time—ihtervai respectively for the first binary

30 condition and the second binary condition. Advan-

~ tageously, substantially linear changes in_the instan-
taneous transmitted'fréquency with time ocecur during
each quarter of.the-Biﬁ-time-interval;- Cancellation of .
~ the effects of pbwer-liné frequency harmonics is provided .
35 by the resulting triple-ramp waveform in each bit tlme
- interval.
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each quarter of.the bit time interval. Cancellation of the effects -ofspowsr

| h\ne frequency harnDnlcs is provided 35 by the resulting triple-ranp

payef ormin each bit tine irnterval. - A°transmtter for prboviding the ,

¢} i pl e-ranp chirp frequency-nodul at ed wavef orm may conprise a -
grallel-in/serial-out shift register~choeked at -four tinmes the input data

~f'ate, and a subsequent integrator 5 to prOV|de a triple-ranmp analog. . _
vol tage to the frequency control input of a voltage-controlled: OSCI||atO&.¢

" havi ng .the chirp wavefbrifansahetentior PreYEdingotipeclrivrir-sapover |ine.

~ Suitabl e | evelopshig t@eég@&ﬁisﬂlmd@l’ﬁédoﬁaﬁéﬂo?ﬁ%é IsaﬁxF%sara utilised to
provide a transmtter whi ch %ﬁbe [ alized wit ew as three

st andar d |nte§ﬁ£ﬁ$}§}Tﬂﬂfq%Fl%}EP e§%ﬁ FyrpELPERT cBleRKEH AEnEOYr
Irecei ver, for trlmemeﬂgixhﬂnh dist® Pate ¢l and @Ubﬁeseﬁﬁehﬁaﬁheegiﬂé@%pomer
i ne comuni cati on ned e triple-ra

fr equency-rod % &Y £h$ghé?'f§m%r%§€%?$ ﬂan?§8sga 5R&sEXEIRREEYI oop
havi ng t he ou@mﬂtﬁdﬂninﬁutmmﬁ arwoﬂ@ﬂgaﬂconteglhedroaodlsaboequhawing .
conpar ator for ¢ t h pt ut, bein
fulrrlp- wave rect |hfe| g%' Prrr#dqgihr esh R‘l?%e%lg%t g‘%t%{"ptr:%ef tﬁg{"g&fg lr#gl tacI ockg
20 pul ses. Adwmnﬁagébmmﬂg/ Suitadlealeval sbiftbbnwavn@oamdipasrshDMter|ng
pre-processes rfidiﬁiéﬁ”ﬁ?b atEpiLes Ebgﬂﬁtvﬁaboﬁ t?ah%h&%%%?t'on_

to the phase- ﬁ ocke oop, aratus 1 n accord
i.nventi on1i | Whircdy imay ap%f{ﬁﬁ r@ewhthpasefey ag bhrepr éaaaﬁeydharrmm c

rejection “ﬂtﬁﬂtﬂgﬂdﬁGHBhfiéﬂﬁﬁé. One presently preferred embodiment
of receiver, for. recoverlng ‘both data and clock pulse
1nformatlon from power line communication media on
which the_trlple—ramp chirp frequency-modulation waveform
15 is present, utilizes a'phase-lockéd loop having the
' output thereof pass through an 1ntegrator and subsequent
comparator for recovering the binary data, with the
integrator.output_being full-wave reetified and
threshold-detected to provide the bit timing clock
20 pulses. Advantageously, amplification, soft-~limiting
and pass-filtering pre-processes the power line commu-
nication 51gnal prior to introduction to the phase-
locked loop. Apparatus in accordance with the: present
‘invention will provide a high degree of power line
25 . frequency harmonic rejection with relatively simple
" .and low-cost equlpment, and will also provide easy blt
-synchronization between .receiver and transmitter, i
In the accompanying drawings, by way of
'.-example only:- :
30 Figure 1 is a simplifled block diagram of a
' power line communication system, and the load and noise
éourcés_having an effect thereon; .
Figures 1a and 1b are cocordinated frequency-'
and control voltage waveforms for transmitting bits of
35 digital data in accofdance with the présent invention;




¢ ]
and. | ow cost eduipnent, and wi Il al so provide easy bit synchronization
bet.ween receiver and transmtter, In.the acconpanying draw ngs, by way of
exanple only:- 30 . Figure 1is a sinplified block diagramof a
power -l ine comunication system and the |oad and noi se sources having an
effect thereon; Figures la and I b-are cocordinated frequency and contr ol
vol T wavefornms for transnittingﬁﬁt% of 35 digital data in accordance
wi th the present invention; -5 Figure Ic is a graphical representation
of . the relationship _hetween VGO control voltage and freguency, Figures 2
and 2a ‘are respecti\ é‘gﬂﬁr&ﬁ"aﬂd’ & EhARN Ak afﬁ%%rn%s%'?taﬁjﬁ%n%% W%r -
enbodyi ng t krelatipnaheap bebwsmdn AICO FMantiresl 3soBma gy amd sPte@iewops di nat ed
wavef orms generat ed . t 4.1 f F.aure 2: H es and 4a are
respective bl ock anc'i;‘i&!ll%{%esalé ;%'ghs&;]rréa %Eregiraég:ér%%"e‘o‘?e aﬁr(g%léﬁ/% for
recovering sehediagiiccaldid@rans afsa trahsnl teovrebedy ing Hehée present
inventi ap; Eyggggi I3 vahtdigh2 set of coordinated waveforms occurring in

0 | '

the receive gure 4: and Figures 6a-6b and 6¢c-6d are sets of

€

coordi nat ed 15 waveffd@wreas |3ast3e@ng) a et ghRewmdatrdwrareferns equency

har moni cs 2@ederated in the transmitter of Figure 2;
Figures 4 and l4a are respective block and
partial schematic diagrams of a receiVer_fob fecovering
10 digital data transmittéd:in accordance with the present
~ invention; o o | -
| Figures 5a~5d are a set of'éodrdinated waveforms
occﬁrr;ng in the receiver of Figure 4; and
Figures 6a-6b and 6¢-6d are sets of coordinated
15 waveforms illustrating the rejection of power line
frequency harmonics ' ' i
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30 35 6 in a power |ine communication system enbodying the present e »
qovention. Referring initially to Figures 1, la, Ib and 1c, 5 "~a power -
\ne’ communi cations system 10 includes a trans- mtter 11 for transmtting
gital data to a receiver 12, ut|I|2|ngGa-pomer l'ine brarch Ttircuit 14 as.

P\ e oS 4 dbder IINE ol 06010, LSRR LIE g conocted

‘branch 14 rggé@t2g9v¥RL£°§ranch serving. one or nore residences, from tRg

secondary wi nding of ~a st:ep-down di'stribution trarisforner, or may be all of

“the distribution wring mnthln an entire office building, at a sonewhat
hi gher voltage (of about .15 440 vol.ts) wher.e the- commer ci al building

pover s providedy, ﬁ’ek?‘in@efﬁh%‘i?ﬁ/l%ﬁn%“hghr% ol s ﬁg dg4n

di stribution transtormner y pur pdse 0 r anch 'S t&cbrOV|de -
Foad 15 sﬁq%‘é %??%ﬁmiﬁtfgmo s¥8n T HiRPRlae b Ol gRAE, OUC

purpose of AR 11| Fobo indin {Uns %Q*%? e N SRR 120,
ke, “whi ch Nt Ter g of, Peli &%ﬁ%&“?ﬁéﬁus??%%ﬁ g sEdsmigiln

a_source of i ogyglce1a ROWFanth ga 1RGIEARE GUP! EBLLU1RE N0 M.

in

e

connected te  the secondary wzndlng of a power dlstrznutxon
10 transformer 15. Thus, branch 14 may be a 220 valt
-Branéh serving ene or more reSiaences, from the'seconqary
winding of afstep-dewn'diStriBution_transfoimer; or
may be all of the distributien wiring:within an_entire"
office buil&ihg, et a semeﬁhat higher'voitege (of about 2
i5 .440'volts)-where the'comﬁercial building power is provided |
by the secoﬁda:y winding-pf a sinqlefstep—down distributien 7
transformer. _The primary purpoée oE'branch 14 is to
provide eheigizing electrical power; at the power iine
freqﬁency, to et least one load 17, sueh.es electric
20{"li§bts, motors and the like. The secondary pu;pese
of branch 14 is to act'es_ﬁhe ccmmunica:ions.SYStem_
medium. This-secoﬁdary purpose is hindeeed by other
:'loads~19,IWhich maf be'eontrelled'by apperetus 20,
such as a ligh; dimme:, motor speed eontroller-and .
25 the like; which act not only as a source of Gaussian
*white" noise but alSc_as a source of hatmonics of

the power_line_freqneney (typically'being GOHQ; in



rat.io otherw se obt.ainable in the powgr |ine communications (PLC) system
and often | ead fo unacceptably high bift-error rates and, occasionally, 35
to a conpl ete comuni cations breakdown between trans- mtter 11 and
recei,ver 12. In accordance with the invention, the output frequency F of
tra@"‘tteihelhxiﬂ:mnsszatésd .t 0 Tha power cLhine harmopicg decreas®hip shown
in Figure la, by an input frequency control 10 vol tage V waveform
shown i n Rilwirsidialwtornoliser aaticootlierwisenobhatngble in thee
frequency control voltage V is at -a center value Vc and the transmtter
frequency pgowexr alime ceommunficapions/ (RLC) syetemarapdnofden Leadend of
each bit tine interval T. 15 - A binary one data bit is
transmittamh umaccéptablyehighebiti~errar catesngndhecorcagianallbnt rol
voltage V and the frequency F to substantially linearly increase fromthe
08nter voltmoe ¢EMp]letencommanications dgeakgowarbptwveepehnansdy, to a
maxi mum control vol tage [ ERR] and. maxi mum frequency 20 [ ERR],.
respecti vaittéen lheandi receioer udwter of the bit tinme interval. _
Thereafter, the control voltage and frequencz.are both substantially o
linearly decrealrdaceortianceddishorkheainventian,hithe: owtpuk SreguengyF
m-ni num control voltage [ERR], with the instantaneous’25 . carrier
frequency afictpangmiskert d1a i wonkrokiefckeyharRRrheTIGhisg fredvencye

final one- rter of ,the, binar, bit tine,interval, t contrdl ~volta
ahd _ fk atfonsgip shown fﬁcg¥§u£e' 5,_b§ an &nputi?%equency-gontr%i

r » , ' _ ' L : e
the United*States). The power |ine harnonics decrease the signal-to-noise (i::

10 | voltagélv waveform shown in Figure 1b, with the relationship
| shoﬁﬁlin,Figﬁie lc. The frequency control voltagé V is at a

center value V. and the Eranémitter frequency F is at a
center ffequency fc'at the start, middle, and end of-each
bit time interval T. . | |

15 . A binary one daté_Bit is transmitted, in a bit time
intervél T, by causing the frequehcy contrdl voltage V and
the frequenéy F to substanﬁi#lly lineafly iﬁcfease from the
center vbltage Vc, and;the éentér frequency fc, respectively,
to a maximnm_¢antrol'§cltage Vc+AV'and méximdm'frequency

20 -f¢+Af, feépeétively, in.the initial one-quarter |
of the bit time intervall .Tberéafte:, the control
Qoltage.énd f:équency ace both éubstantially linearly
dec:eased in the middle-oné—half of the bit time'inte:val,
to a_minimum-cbntrqi voltage Vé.-AV, with thé instantaneous

25 carrier f:equency'sweeping_down to aiminimum freéuency

£ —AE._Tpereafter. in ﬁhe,fihal one-quérté:”of the

c , .
binary one bit time interval, the control voltage and



ynsy ant aneously transmtted frequency are both substantially linearlys .
eased respectively to the center éfltage'[ERR], and the center °
gquency [ERR]. A binary zero data b
fashion, in another bit tinme interval . The binary zero data bit starts
at the center voltage [ERR] and |nstantaneous center transmitter frequency
[ ERR] and zfrssttatah%mwe&ywram%d nEF eqreneyqasec padnisubstantigdly

substan- tially nearly to the mninumyvalue [ERR, with a 10 = - e
substant.é#rgpazriaéaineseaésslere@n srsive %meBGSLhPe&M teo kageni Woum ~

frequency in the first one-quagter of the bit time interval; then
substantHA#{?%#%e%???e?ngFGQQQQfﬁxgélthe control vol tage and t he

32??25";“ CERR a&ﬁ‘%ﬁ%ﬁ#&%ﬁé@&ﬁ%ﬁi{é&% Eranehichad fma T BT bmagge
e bi st iSRS ERIDy Vi, SBARReR, B Gibie, 15 séraRE‘Lr;r;D of m@d:%';fn?.”%ﬁﬂ%‘” °
vol tage afid bs“ﬂ%&%#@%s'g' AFa b ?tfe%{)teer""f'@esegefw%%é Fanerecuss
(cer ot oo G FE et TEHeT, SRy L Tt T8 Eraritesad Vol 1 nge
- have an |hyersdectelaamnms&h@ fregaeheyt &mlefvoltagefveﬂuBBthn-l e. a

“decrease or an.increase in eontrol voltage respectively resulting in an
i ncrease tiadlgedinearly dxpeche tminimum rvalus ay angPpswithqaency. It

shoul d al so be understood that the positive |ogic waveforns described aboVe
Ity be resebseantadmtyummneaegéscneasegun ¢ustanﬁanenmsrEﬂerenoqpeC|f|c.-
PLe systeg; the minimum frequency E -Af, in the first one-quazter
of the bit txme znterval, then substantxally l1nearly |
“increasing both the control voltage and the associated
instantaneous fzequency ftom the respect;ve minimum
15 | voltage Vc -4V and mznzmnm frequency fc -Af, to the
.maximum control voltage V, '+AV and the associated maximum
-frequency £, +Af, in the middle one-half of the bit
time xnte:val, and, in the final one-quarter of the
bit time 1nterval, substantially 11nearly decreasing
20 _ both the control voltage and 1nstantaneous transmitted
frequency from the maximum values the:eof to the center
values V_ and £or respectzvely. It_shou;d be understood
that patticular apparatus'nay‘nequire that the control
voltage have an inverse reiationship to instantaneous
25 frequency, i.e. a decrease or an increase in control voltage
respectlvely resultlng in an xncrease or a decrease respec-
'tlvely, ;n_lnstantaneous frequency. It should also be
understocd.that;the.positive logic waveforms described above
may be reversed tontransmit_negative logic data,-if'required :

by a specific PLC'system.

;Ls transmitted-in amrror-inmge 05 .
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~output 30b of divide- by four neans 30 |s atrain of clock pulses at a I/T

. » - ' .
By frequency nodul ating the transfitter output in this manner, relatively /.
si-npl e apparatys strructure nmay be utilized for transmtter 11 and receiver|:
12, whil'e obtaining a hi gh degree of power |ine frequency har nmoni ¢ _ '
cancel l ation to reduce the effects of harnonic noise. Use of this chirp
wavef.orm al Scsgﬁrﬁreda&nfzgr modul dtiang | tige ot rahsmitverniaarsmus carrier
freqygncy at the receiver, as there are no abrupt frequency junps (as found
i n many iaf heiis omamnet, ¢ relatindllytdimpy le Fappleatushistrakituraodul ation
formrenoves the neceSS|ty for bit synchronizati on between receiver and
transm tday ,besutitizedeifoer tramamintere Dbt andheedetiardy t12f ream and bit
timng clock pul ses, responsive to the frequency- nodul ation chirp received.
from t havhiibersobtainingetehiighy degrée éfgpower2line frehuende, one pre-
sently preferred enbodinment of transmtter 11 is shown in bl ock and
schermat inarieniencancel latiomnso teduciet thenpfifekits iof fraxmateic (by data
circuitry not shown) with bi- nary data, at a rate of |/ T bits-per-second,
to be t moiseni tUse. ofAthﬂschhmrpﬁwavsfarmaalabepmbvmﬂbﬁqunnses- per
second, is sinultaneously provided by the data circuitry (not shown) at a
clock'leqax trackingeoifnphe dnatiantanéous carzferi drequenaey i nput 30a of
a divide-by- four neans 30, which may be provided by a standard CMOS 4027
dual fligk fehe regetvem,egmmne raxe tnanabrupti frequeney iwePsrm at t he

pul se- pefass cformid r inemanyh xm&m iefi ﬁhérpem@dlatzon)
Further, this chxrp modulation form removes the necessrty

for bit synchrqnizatlon,between receiver and transmitter,

e ————— v .......

" as the receiver can provide both the data bit stream and
bit timing cloci'pulses reeponsive to the freﬁuency- |
modulation chirp received from the trensmitter
Referring now to Figures 2, 2a, and 3a~3e, one pre-
eently preferred emboqlment_of-transmrtcer_ll is shown
in block and schematic diagram form. A transmitter data
input 1lla is provided (by data circuitry not shown) with bi-
nery deta, at a rate oflllt'bits-per-second, to be trans-
-mirted._ A clocleQVeform, at a rate of 1/(4T) pulsesf_
per second, is simultaneously provided b? tﬁe-data ”
circuitry (not.showh) at a clock input_llb.__fhe ihput
clock waveform is applied to :he_inéuc 30a of a divide-byé
four means 30, which may be provided by a-standard
CMDS'4027 dual flip-flop logic'integrated.circuit and
the like. The waveform ac the output 30b of diVlde-
_'by four means 30 is a train of clock pulses at a 1/T

pulse-per-second rate. This waveform is inverted by



a st inverter 32 and applied, as a 10rst clock CLKL si gnal, to the »
i parallel-shift P/S clock input .34a of a four-bit parallel-shiftzin,
- -shift-out register 34, which may be a standard CMOS 40835 i ntegrated
0 circuit and the like. The clock waveformat input 11b is

comeet o8 o8 B IEECTAAR: HCATRGhIANG, 34 LU P BB | o

nput 3461 o Bpg49h ¢  ipeechaph11q el e B9 ol B8k hputd v

The first a our't ™ st age -and are connected .

toget her t0-35260%%.%.&31@fgggg%iaie h%;;tiQJ‘,aVé%idé‘g-EHE!éE-‘&&@e“ ed to

transmtter data i nput er-3 y be Tor y connecting .
t oget her bo il f G sl BENR G3lahd fb$5 f ' ' 5

of a standa?ggéb%%%?ﬁ' i‘ﬁ%ég?gﬁg g@r _cQuit and tﬁe' uie?bsga?é&?ﬁgﬁ‘fa I's
dizr ectly coRg ed T, hy I e0ipRbhe 1940 Wh vl Ebip | [ ts :
gl?c-z a%d 352_?%.{1%!' fa%g Cllf\h/bés %%%%'sgﬁﬁth E:g'gi'stg‘f£ 'S 'uislgd%gt %Igsgﬁl 'Itmirjegi_ ster

@B output 344 cHnEtd Uk 19 588088 clock CINR!si¥nal €8xkl sepiadywerter
38, which may be another portionof the CMOS 4011, - and the output thereof is-

connect ed tgukpult 1dck Ak Kinpatt 348 ofhaneeHcirsstagat sajege, for
. proper serial output shift operation. Shift register output 34d is also

o Ceane iSediates, 341" ARV édtasher deuale SN gschrtnpuey Lo e
output (whi ghekal tehidugh ©340P4 CBbEYeachlbf the four stages thereof.
10  The first ahd_fohrfh Stage'daéﬁ-inputs 34c-1 and 34c-4
are gonnectéd togethér'to Ehe output of a second inverter
'36 having an inputjconngcted'to:t:anSmitterﬂdata input |
lla. Inverter 36 may be formed by cbnneciing togecher Bbth
_ inputs of a zainputiNAﬁD gateq such as forms'a portion
15 of a standaid CMbs 4011 integréted circuitland the
| _1ike; Datathbut'lla is directly connected to the
shift registér éecond and third stage inputs 34c-2
and 34c-3. If a CMOS 4035 shift register is used,
. the'shift register Q3 output 34d is connected to the
20 input of'an:$uxilia:y inverter 38, which may be anotheﬁ
| portion-éf the CMOS 4011, and the output thereof is
connected to both the J and K inputs of'the'register'
firsé stagg; for proper serial output shift operatioﬁ,
Shift register output 34d is aisb.connectgd to
25 ' the input 40a'6f'a level shiﬁter And,inverﬁer means 40;
Means 40'change§_the logic le§e1 VOitagés from the |

shift-registér ouﬁput (which'voltages.are_typicélly



¢ -« . . .
about zero volts for the logic zero fkevel “and about +V volts, the operating ,
pot-enti al applied t'c the shift register; for the logic one level) to a /
wavef orm of simlar shape, but of different logic zero and | ogic one
| evel s, as required at the input 42a.of an integrater means 42. The
wavef-or mahouthczere eyo bt or fovatheodiogitc 42ére sleveli angdulaboutnvief or m havi ng
sub§gahtially l.inearly changi ng voltage segnents during each sequenti al
one- quaaktortheoperaging patientiak cappliedotoTtheTishiiftvel shifter
and inverter, means 40 and integrator means 42 may be provided (Figure 2a)
by a pai Feglsiing a-foronhe logilcl omes Levebhdtd2a. waveformm-afhverting -
+input 48' of the first operational anplifier is connected directly to the
shift rediididan shapessbut ofcdififanent Logpot ze50 and logils of the

first operational_anplifier iis connected to the wi per armof a

.potent i o€ rlenels, sass reghisede @todihe NPt 423c08panatintegraterial +v

and ground potential. The first operational anplifier operates as a |evel
shifter. ARANEsI®n oTRPuVa¥eSoraatethel intedratepomeansoataui 420
having its w per arm connected through a resistance 46 to the inverting
-input 428 BftLiangulapcvaveseam haning substanthaliynliimeanihg +i nput
42b' of - the second erational anplifier is connected to ground potential.
The secoﬁg’aﬁ’;érc"ﬁﬁi' ?logﬁ‘-a&ﬁpﬁﬁsweptiss diring gachgsequeyriad: caed 25

‘has an oyt put. 42c' connect dEBack,to the non-inverting input 42a' thereof

0

15

20

t hr ough FRFa BOTEL9R: Q6 kD80 bissime Hnterval cBrari ¥ .capaci tor 50a

and a relativ “hj gh resj nce elenent 50b in parallel onnecti on.
%MErlébe_ s i%ger andlgiverte: means 40 an% Qntegrator

means 42 may be provided'(sigure 2a) by a pair of ope:a;

tional amplifiers 40' and 42'. The ndn-invefting_+input;

48" of the first operatibnél'amplifier“is.connected directly
to the shift register output 34d. The inverting -input
40b' of the fifét operational amplifier is cénnected

to the wipef arm of a poténtioﬁetef'&é, itself cbnneqted
betﬁeen positive operating poﬁencial +V and ground §oténtial.
The first.operationél'amplifier opera:eé as a level'shifter
and hés an output Ach cbﬁhected across a potentiometer 44,
having its_wiper arm cdnﬁéctéd'through a resistance 46 to the
inverting -input 42a’ of'éecbnd operational amplifier 42°.
The nonfinvertihg +iﬁ§ﬁt 42b' of the second bpefaticnal
amplifier is connected'to-ground'pptential. "The second
bperational aﬁplifier is an ihﬁerting-integfator and

has an output 42¢" cbnnecégd'back to the non-inverting

input 42a' thereof through a feédﬁack'



The integrater neans output 42b is connected to the 05 | nput 52a ofs

adj ustable gain anplifier 52 utilizi anot her operational anplifiér

. Anplifier nmeans 52 has an adjustable gain between zero*and.-2. A

1oN- inverting +input 52a' i's connected to ground potential. while an
nverting netwdr ®XY ¢ompeLaengeant Haitayrde ing, caﬁaci-tb&Plﬂ_Oi‘_etV\Drk 54,

. conprised of a resistance elenent 54a in series with a capacitance elenent

54b, to inhel A Fel@E{Wely! RighiFesiltanie éleneat 0B iin fPafapiéput g
52c¢' is connected through a gain-setting variable resistance 56 to the :

I nverting- copmeckion. ~ 52b'. - Anplifier output 52b"is taken from '
operational anplifier output 52c' and is connnected to the input 58a of a
| evel ‘shifter n¥he bStegratoromeamseautput i s#dbt igsaonoected duertheonal

~anplifier is connected to the wiper armof a potentioneter 60, itself
0Soupl ed bedmpat p2a t9f canoadjustabdeegaimeampl bfiienl S2vusidigingd
potential. An inverting -input 58Q' is connected through a series_input :
resi st ance agpthen arerapional amplifer cvhnectdwpléfies means o1k put 52b.
A feedback_resistance 64 js connected between inverting -input 58b" and
operationahﬂ§n§Qf44§uiﬁébiP gadn ween 2ex® gRdcnlthed OAA- shifter
means outng SSQHEf Qéfvided Egch of operational amplifiers 40 ', 42 ',

52" and 58 TVEF HHR§ nHRPUEAP28pe i icomneated | €0 cgroundc patentidl abl e
in-the standard type, 741 inptegrated ci i t, operational, agplifier, or may
“be part of “Rh@ t%/‘gl’élmFg’t‘Soﬁipp&Fplizf u'eri-§ reeRRectad. thomgh aflch as the
dual -anplif,ier type 747 ogr,one of the st andard cuad- lifier

1itht egr at ed 1P| %§“°9klgﬁpeFSPPGH&‘i;H?GQi%ﬁ%lﬁFGnce-eiz%ent

S4a in'#eries.with a capacitan¢e elemént 54b, to

integrgtor.means.bu:put_&Zb} -Ihe.operational ampli-
fier output_SZé' is conneéted_throﬁgh a gain-setting
variable resistance 56.to the inﬁerting-input
15 52b'. Amplifier output 52b is taken from Qpéraﬁional'
_ ampiifier-output_SZc' and'is.connﬁected_to the input S8a
of a level shifter means 58. The non-inverting +input S5sa‘
of the operational amplifier is connected to the wiper
arm of a'pétentibmetet 60, itself coupled between pOAitive
20 operating poténtial +V and grounﬁ'potential; An inverting
-input 58b' is conneeﬁéd through a series input :ésistance.ﬁz'.'
to level shifter input 58a'qonne¢ted tp_amélifier output 52b. -
A feedback'resistance 64 ié cbnnecteq_betwéen inéerting
-input 58b' and operationai amplifier output 58c',
25 at'which the level shifter'meansloutput 58b is provided.
| Each of operational amplifiers 40', 42', 52' and 58'

~may be individual operatio@al amplifiers, suéh as.available'



4 ) _ ) . .
connéct ed bet ieen sources of positive and negative operating potential +V

and -V. The level shifter neans outpg? 58b is connected to the control (é%é
vol tage input- 66a of a voltage-controfled oscillator (VCO neans 66. The
fequency of the waveformat VCO output 66b is set to a desired resting

center 1 equengy ohERThr o yp@y4 11 LA Eatha! B ¢ ThbdPatibHaty al od

enbgdi.ment, and I's varied t cen reguency onsive 10 the

1o i3 SPLTENE PHRCH B i ot UAMRUESHEHGIORR T e ™
[ Le0r 2! gl S84k 38N e LD BusH e e Rl OBapn £ERECT | 1

coupl ed t@x%¥o7whr3' She of t?*f@%ﬁ%ﬁsg&ﬁaﬁgdp9“33J§§§?££%2§ I'i ne coupl er

68, whi ch y include a palr o I On capacitors -an 8b. \Were the

sParti cul arg 366, P EDfeaLRsed AVICYgerft L5k 1ifiers are
center-frequency-determ ning capacitive elenent 70 and resistance el enents

72a and 7prifet ol Bt REehhBoRERe2DE positive! Anlhfegalitysyedf variable
resi stance 72b being adjusted to achieve the desired center frequency. A

sl ewr at eppéiftfifg)| poteapaalt +ye agldnent 74 is also utilized. The
operation of transmitter 11 will now be considered, with the transmtter

sending a | ogi cr@cl§oed Bhificer mddnd® duwépurabsd 28dconneditedero data
bit inthe followng bit tinme-interval T'. The data input |Ila receives a

| ogi ¢ one deevste adontr®l[ ZBREagehiitipuw B6a 00f hcvollrage! ictmtrdlled he
entire first tinme interval T, until- 05 . the start, at tinme [ERR], of
.othe next toswilldieewal(VCD) means 66. The fequency of the waveform
| at VCO output 66b is-set'to a desired.resting center |
. frequency f;,_e.g. on the order of 150KHz. in the
illustrated embodiment, and is varied from that center
ffedﬁenCy restonsive to the voltage at control outpﬁt.GGa,
‘15 Illustfativeiy, vco meang'éé_may be provided'by vCo
| integrated circuit 66', such as the standard LM566
integrated_tircuit'and the like, having a control input 66a’,
cénttbllinéithe frequehcy at a pair of outputs 66b
~and 66b''. The VCO outputs may be coupled to two wires
Zb | of the branch power line via'a'iine:couple: 68, which_
‘may include a pairtof'isdlation.capacitbré 68a and_68b.
Where the particuiar LM566 VCO integrated circuit is uged,
a ceﬁter;Erequency-determiniﬁg'capacitiﬁe element 70
and resistance elements 72a aﬁd 72b are connected thereto,
25 _ ﬁith'the'value of_variable resistance 72b being adjusted
to achieve the desired center frequeney. A slew-rate-
determining capacitive elemeht 74 is alseiutilized;
The-operetion of transmitter 11 will nowlbe considered,

with the transmitter sending a logic-one data bit in



%gqtlne [ ERR], and throughout the second btt tine interval T, data i npyt -

1 is at a Ioglc zero level. Thus, at tj g@ .the input |ogic one |eve
TS provided at second and third bit shift eglster 34c-2 and 34c-3;. the
logic 10 -~ one Ievel is inverted and provided as.a |ogic zero |evel

2It O’;Lr:fg‘;ﬁ]ﬂn H‘%put {%{i %Aﬁ?%ﬁezgﬁg\%ﬁcfﬁ%é’t{f ! fﬁ%nggbi E’%&jy:
al tnput g W&eﬁﬁtkg%a&rt o 5£§n§t.ph 19 C%c?f‘téne L e

inpu t € Sh reqi s | oadi ng™~

the data i E‘gﬁ% e Ii’%@g ately
thereafterglﬁil% 9‘%# réglL%JE: u@%es %%c&rolatr}éwﬁ'l eac jll't tinme
i nt erval Qﬂtmyleéaﬁga'stbleeermal f:bnst timek invawval4IT | ouhei20 *

" activated and provides the. |QQIC Ievel as contained in the fourth shift

o$ egi st er Sél?éJesté‘ftShhftt tife %ﬁe ﬁdﬁ t Pifed iidir vd fOF VS

nitially set to a oglc zero reglster output voltage v34d

(Figure 35 0pfRel, a, '%ac &%1@0 @é taetasctahastm?é time meeei:amarrt-er

of the bit tlne i nt 8r vVal etween time [ERR] and tinme [E
Thereafteraaeételhsﬂtcnae xlsevﬁ s dod e hétbdlaaélsecmé; ages and the

| ogi c-zero | evel of the first stage are sequentially respectively

~shifted ! e i P, 3¢fle attwdtq.d(};w%néotéaet Y34 priovidedicat | sebynal

respective of +V, "+V and O volts in the réspective second, third
and fourt hagwiagh g8 Bﬁtb'shﬂﬂ%élzggRﬁdﬂ 343-2i afd DUCEP) ¢AETIoGERR and

[ERR], between tinmes [ERR] and | and between tines [ERR] and [ ERR]. The
1000i ¢ zer unlt ool 35 iVerddd aiPPSPovided as a logic zero
level at first and fourth bit inputs 34c-1 and 34c-4
of the shift register. The clock signal at input 1llb
is synchronized with the transitions of the data at znput 1lla,
whereby the proper clock transztion occurs at the parallel
“ 15 : shift" clock input 45a of the shxft register at time
ty, loading the data inputs Dy-D; of the four shift
register-Stages. Immediately thereafter, the first
of fou:'cldck pulses (occuring in each bit time interval T
or-T‘) causes the "serial out" clock input 34b to be
20 - activated and provides thé logic level, as'contained in
the fourth shift register stage, at shift register output
34d. Since that stage was initially set to #'logic
zero level, the shift register output voitagé-v34d
(Figure 3a) goes to a logic zero level in the first
'25. B 'one-quartet'df'the bit time interval T, i.e. between
time ta and time tl. Tbéreafter, the ldgic-one lévels

of ﬁhe third and second stages and the'logic-zero level



-
n

20

regi ster stage inputs to respectively receive |logic one, |ogic zero, |ogi

C b . . | . . ’ . . ;
at to' .at-the'comencenent of bit ting§ nterval T, causes the four shift
zero and logic one |evels; when the parallel-shift clock input 34a is next 3_

enabled. Inmediately thereafter, the four serial output clock input 34b a
cl ock pUcbﬁeﬁhéhfﬁtsth%ﬁg@&sﬁ@r\éégﬁﬁntﬁaﬂ.ﬂ? Fespdctivel gbyhofeed: vol tage -

V3 qshas respective levels of +V, 0, 0 -and +V in the respective sequential -
quarter se®f otbpulti 34d,Mand !t the adutfputi veltbF@\BmA. | {@ssé taad 1IyERR]
between tinmes [ ERR] "and [ ERR] between tinmes [ERR] and [ERR], and between
times [ iRl resfektRVe ldvels egf a+¥r , re¥nand? Ovamlrsiil chendedpective
integrator, 20 -  which type of integrator nmeans is within the scope of

t he -presgetondyeghiod drdd fourshequartprs of bige timdtimeértale TQ be _
shifted in | evel, dependent upon the control .voltage requirenents of VCO -

. means 661, épwbeeweenhe imdsist{ adred d%ubbetw&dwl tineyrey oandsSt

requires an input signal havihg a D.C |evel of zero v ts.'Acéordineg,'
the'inveanédbenﬂeehitﬁm&suﬁ%eandat the out put of neans 40 is, as shown in
Fi gure 3b, the | evel -shifled i nvérse of the waveshape of Figure 3a,

3?:?{ 2o 320E:§BFL?§§[%%PR?*#"P‘§%§ BB tii?‘@ﬁéh@f%éﬁ%?gg?ng”f ERR and
bi g E'? T efxé?-‘s e’ %j?@“%%%%?e%ﬁit ??éﬁ&%g%vei}@eﬁwéﬁﬁ?aéﬂt out Vol t age.
A Sy _ . ol

Uine [erepudep hie; Sl st N QRstRr dRapE (Gifled dCFReppabIveT] "
remains f08689k 18R Ju¥ MBLOE 28F0, logic zero and logic one levels, -

when the'pa:allel-shift cléck input 34a iS'next

enabled. Immediately thereafter. the four seriél output .
| dlock input 34b clock pulses shift the stage contents
Eo the ocutput, ﬁhereby outpuﬁ voltage V34d has respective
1g§els of +V, 0, 0 and +V in the respective sequential
quarters of the bit time intefval T', i.e. between |
;imes ty' and ti'. between times tl' and t2’,'
between times £y and.;3','and béﬁwéén times t;' and tqy''.
If integrator means 42 was a single-ended integr&tor,
which type df'integrator means is ﬁithin-the scope
'6f the present invention, the régisﬁef outpﬁt voltage
_might,nqﬁ héve‘tb be shifted in lével;-deﬁendent-upon .
the contrdl voltage reQuireménts of VCO means 66.
Hawever, the illustfated doublé-énded intégrator
réqui:es'ah input signal h#ving.a D.C. level
of zefo volts;n'Accbrdingly, the inverted and shifted

voltage ét'thé butput of means 40 is, as shown in Figure 3b,



10 " second bit tinme interval, af time t The waveformof Figure 3bsis ,
irat ed in integrator neans 42 and §ppears as the output voltage V42b
‘(Ffgyre 3c), having an instantaneous zero nagnitude at the start, niddle, .
- andend tinmes of each bit tinme interval, i.e. [ERR, [ERR], [ERR], [ERR], -
15 theRleveloshifived inversécofnthenwavesiaperof nEigured8aguiwhereby .
at time [ERR] the positive input voltage 70a. during the first one-quarter '
of the firat the time tgherbhe Llavakcshifisernandr dnyerhRpUReIBBt age to be iy
a substantially linearly increasing ranp voltage. portiaon 70b, attaining 20 -
a maxi numqettutavodtatie+WMd0nlabtaing i the FERRRVelas LSt 83rat or i nput

vol tage changes to -V volts at time [ERR] the integrator output voltage
(portion %ie eBnbevedsas time vy iandychanges goctheseVnkeeal and

continues substantially linearly 1 ncreasing throughout the total

- 25,

- 05i e i nt eratal t{BRE 5. duAitngheniatiaxt nefi aecpnd b time ineer¥adsrTa,
~remains at a negatiVe value. Therefore, maveforn1portioqﬁéfb subaaﬁgtial

~linearly dthe chevel shifgera anchidinwenterdBesns PUCRUY | VRLERBRK) V ﬁ?ﬁ?‘ '

volts at tinme [ERR}, and_to a negative peﬁk m%%iéLle -kV at tipe t3.

Ther eaf t ergo t tkei nfui evel.aghanging stoj Rhgoi] "Pczi'a' betveer BLTES; e

magni t ude, and the integrator output voltage sybstantiaJly lingarl

i ncreases,tjh %@ﬁtFéﬁe7%@?ﬂﬂﬁ#l“@&ibrgaﬁﬁ Eiﬁ&ﬂ?(ﬁhﬁiﬁe¥§ir§§§ﬂ Saft®

[ERR] at the end of the bif tine interval T. Syl anly,. the infegrator

out put vOIE%e‘VoieHeHoQP@Lz‘@“@’J&?at eFeatar f‘%‘:g']tlt _ .z%‘?‘% egl %ﬁgevel at

 time to', substangially linearl 2Crease avef,orm portion 70b") to the
- 10kV vol t  peesoRd i’ﬁ-ﬁet[im?]’:n?%éﬁgﬁsi 3E Fgm?kll\%me'g’at ive integrator input
' voltage 70a', ' '

The waveform of Figure 3b is integrated in integrator
means 42 and appears as the output voltagg V42b (Figﬁre 3;)’
hﬁving an in$tantaneous zero magnitude'at the start, middle,
and end times .of each bit time interval, i.e. :o,.tz,fto', ty"y
; 15 _ ﬁu", etc. Thus, from the instanganedué ze:g maghitude-
output at time t,, the positive input voltage 70a, during
the first one-q@a;ter of the first bit time interval,
causes the integrater 6ugpu£ voltage to be a Subétantially
lineérly increasing ramp voltége portibn 7Qb, attaihing |
20 a maximum peak vaiue of +kV volts at'éime_ tl. :As
the iﬁtegratOr'input voltége changes to ?V volts at: -
time t; the integrator outpuﬁ voltage (portiom 71b) csmmences a -
substantially lineai décrease thereat and ébntinues
substantially linearly inc:eaéing throughout the total
25 - time 1nterva1_t1;t3, during which.time interva; the
input voltage 71&_:emqins at a negative vaiue. Therefore,

waveform portion 71b suﬁstantially linearly deéreases



(S 1)

e . _ _ _
then substantially linearly increases QZortion 71b') to zero volts at tine
[ERR], and to. +kV:volts at time [ERR] responsive to the positive input
voltage 71a' during that middle half of the second bit tinme interval, and
finally substantially linearly décreases_&PortiOn 72b') to zero anplitude
at tineff@mra, peakpmagnitude tof HeYaarysime twzevorvoytshe | ast

qu&;ﬁer of the second bit-tine interval. The triple-ranp integrator output

anplifier neans 52 and again | evel-shifted, in neans 58, to provide the VCO
cont r ol tyol tEbsrﬁaﬁmeWS&hQ)fltm'gﬁrﬁokaaﬂhii@mﬁﬂ_‘ol1Wcﬂwn§£°na73#or m has -
the center frequency control voltage [[ERR] nagnitude at the begi nning,

ni ddl e, t® thadpesdtive-magmnitude reandt shealntagnatameukputl voleagear
excursions to the_npaxinmum control voltage [[ERR] and mi ni num control voltage
[ERR] nswbstansialdydilineanty cirereasers dncPorfion %4k, twnedlgsarter
times in the bit tinme interval, Responsive thereto, the substantially

- si nusoi #8F0 VBREREEHs ey QURRUL L 1 BRAChBA A% bypoRt Fheri epd coSethes

generated. \Wile not i iately, apparent fraom Figure-3e, the output
wavef orpit time int y’iga%}f?EiYeeﬁﬁ&’ﬁﬂﬁﬁﬁﬁﬁﬁ?@s?uFP“St t he
beginniqganid- oint gnd end' of each pit time‘intervei1 and is at a maxi num

|
f requentQ+FR&A] %QF #hd ABHE 1RRTQ Pty Pt $LATLR AL LFRYFBFO; HOAL| ogi c- one

data bif ti interval, or at the three-qyarters bif-tine-interval point in
'a'Iogici§¥¢ 28 tgme_tolﬁt34b$ﬁ??5%§ii¥ﬁil&ﬁ@q e§54¢ﬁﬁﬂ?ﬂinun1frgquency

(ST Shobbeb e YA AV SR ok B B0 1
- responsive to the negative iﬁtegrator'input voltage 70a’,
.then substantially linearly increases (portion 71b') to zero

volts at time.:z, and to +kV volts at rime ty' responsive.
to the positive input vqltagé’?lé' during th#t-middle |
half of the second bit time interval, and finally
substéntially linéarly.decfeasés (portion 72b') to zero
amplitude ét.:ime tof'; respdnsive to the negative voltage
72a"durin§ the l#st Quarter.of the second bit time iﬁtefval.
~ The triple-ramp integrator -output waveform thus
formed during each bitlfime interval is amplified in
amplifier means 52 and aéain level-shifted, in means 58, -
tp provide the VCO control vbltagé input V58b of Figuﬁe id.
This contfol_voltage wéveforﬁ'ﬁas the'center-frequency
' control voltage v, magnitude at the beginning, middle,
and end of each bit time interval, with substantially
- lingar'expu:sions-to the maximm control voltage V +aVv -
and minimum cbgtrollvéltége VCQAV magnitudgs |

at differen; ones of the dné-Quarter and three-quarter

5

wavef orat t himef Spreandurin @ egative: peski magnitiude =kplati timen :



poifit ‘An a |l ogic-zero bit tinme interval, with substantially |inear

freglepcy changes therebetween, as shown in Figure la. 15

Refer/ing now to Figures 4, 4a and 5a-5b, one presently preferred

enbodi ment of a frequency:-chirp PLC receiver 12 receives the ' ;

frequency-nodul ated chirp waveform fronmp@ower |ine branch 14, by neans of a

| ine coupler 78. The received chirp PLC signal is applied to the input 80a

20 of an anplifier nmeans 80; dependent. upon a particular type of s

amplifier 80 selected, |line coupler 78 may utilize the sane type of _ Al

capacitive coupler 68 as utilized at the transmtter, or may utilize any of

the wi de viimesyinf thehdit aimeringeevaknowRespansive ttherepdbi,fier 80 25

may be an autonmatic-gain-controlled anplifier if desired, with the gain set

by a si gnathetsubstanittiialiy siimyseidabnVCOnmezns olitputpwatvefdrmecei ved

signal at anplifier neans out- put 80b is applied to the input 82a of a

soft lim teoltagesVésb, oflRigureulecyisvgenerated gndfhilesnbt liniter _

means out put 82 has an absol ute nmgni tude which never exceeds thelimting -

| evel , e.gimpediately apparednt tficom| Figuret ¢ ,etthelioutputhwaveforine -

energy in any "noise" spike.is reduced. The .anplified and limted received
signal is fpequedcyoishat mhe @ster freqsencdies: farak ptke begioningnr)

means 84, having a pass band, in the illustrative enbodinment in which a

center freauldrp9inErRndoferub®Kteachsbitetimgetintervabiand dad 200 KHz,

wher eby out - of - band harnoni cs and white noise are rejected. The band-pass
filtered, atnatoaximumfnequancyifghsfaatiche one-quarter nbinstimeput |
84b is applied to_the input 86a of a phase-locked | oop (PLL) neans 86. The .
phase- | ockitesvali pedmsndn @ntogicvoneagatias bidhtime dineermalpL prmeans
| at the chree-quartéré bit-tiﬁe-interﬁal'poinc in a logic-zero'
10 bit'time.intervﬁi, and is at the minimum frequency fc-Af'ac -
the threeequarcers_pit-time-interval poinﬁ in a logic-one
. bit time intervaljo:.at thé-aﬁeeqﬁaf:er bit-timébinterval.
_point in a logicfzero.hit time iﬁcérval; with sﬁbstantially
linear frequency changes thefebétween; as shown in Figure la.
15 | Referring now to_Figurés 4, 4a and Sa¥5b,:one-presently
' preferred.embodiment of a frequenéy-qhifp.PLC receiver 12
receives the frequgnc?-mbdﬁlated_chifp waveform from
power line branch 14, by means of & line cbupler-78. 
~ The received chi£p ?Lc Signal_ié appligd to the input 80a
20 'of.an aﬁpLifier means 80;.dependeﬁt updn'a particular
type of'ampl;fier'80 selécted,'liné coupler 78 may
u:iliée.the same type of éapacitivé'couplér 68 as utilized at
the'transmitter. or may utilize any of the wide variety
of other cOuplef'types'known to thé:art; Amplifier 80
25 may be an autamaticegafn-controiled'amﬁlifier if desifed,
with the gain.set by.é signal.ét céntrol input 80c, and on
line 85. The ;ﬁplified réceivéd signal at amplifier means out-

put 80b is applied td the input 82a of a soft limiter means 82.



Qut put 86b and is available at a first receiver output OUT1l. In the _

I Flustriated recei ver enbodi nent, .. phase-|ocked | oop 15 nmeans 86

utilizes a:.phase-locked loop integrated circuit 86', such as the standar

. LM556 integrated circuit and the like. The "bandpass-filtered signal is
. applied through a coupling capacitance 88 fo the |oop input 86a, with a
terminating resistance 90 being connect ed bet ween the PLL -integrated 20

Agircuit input 86a’ and ground potential. . Positive and negative operating
f6tentials +V and -V are connected to PLL integrated circuit 86 and such
bi asi ng, stabilization and center-frequency-determ ning components 92a- 92f
as requiredThe tfrequencyuoduldted-sighal cap 86ft limitercmeanst idutpark
are coupled thereto. A pair of differential |oop control outputs 86b" and

- 86b' ' are r82phaisi anl phsnipitel ndgnicide cwhichr neverapxeeedsa tived 194ittimg
the  respective inverting -input 96a and non-inverting +input- 96b of a
di fferenti alexedl,i f&.@. @boutcl).f sealtsginethe- illussraged smbodiment:
resepctively coupled frominput 96b to ground potential and frominput 96a
to anplifieWwheseby the emengy igvanyr'meimechspikpuist yeducedreaTheout put
86b and the receiver, first output OUTI are taken, ,The voltage at phase
| ock 1 oop mBERdifdeduandodimited zerpdved sigual t8 appdied) toedfifednpul

t he ' sane eshgpe as the waveform 10 Figure 3d), applied tqQ th
05 ansm ¢ { er BYECORe 3 DATITAAAS | THLACT A(BREY ReaRE Blta) hAVANE dupass pand;

t hereof may be different. The PLL npans ouj put veformw || jdeally have
a zero magniPugBesd qﬁﬁﬁ%ﬂﬁrﬁﬁbéﬁa _Btighﬁhggh chéaﬁﬁrbﬁkﬁﬁ cy
interval, identical he transmtter _frequ 15 traol ;
waver orm . SonofndSfoRHeds daaR. Pepreetofifks” and 200 KHE Yhereby

out-of-band harmonics and white noise are rejected. '
) The bandfpass'filtered,:limfted and amplified signal at
10 filter'means_output 84b 1is apbiied.tq the input 86a of a |
phase-locked loop"kPLL) méans-86; The phase-locked;loop
frequency control voltage is-cbnnected;tOVthe PLL means
Qu;pﬁt 86b and is-aﬁailébie'at a first receiver output OUTL.
_In.thenillustrated.réceiver eﬁbodimgnt,ﬁphase—locked ioop
15 . means 86 utilizes a.phase-lockéd.loop inﬁeg:atgd circuit 86°,
| such as the standard LM'SSS_integrated circuit and the like. -
The bandpasS-filﬁered signaiuis_applied through é coupling
' cépaéiﬁ#nce_SS to the loop input'sﬁa. with'a_términating
:esiscahce 90 béiﬁg éonnectéd befﬁeen_the_PLL:ihtegrated
20 circui:.inﬁut 86a;.agd'gfouqd_potepcial.' Positive
| and neg#tive opérating potehﬁials }V_aﬁd -V_;re connected
to PLL integrated cifcuit.86‘.and such biasing, |
stabilization aﬁd‘centér-fréqdenéy-determining coﬁponents
' 923-92f as required by the pafticular phase-lock loop
5 means utilized, are cod@leditheréto. A pair of differential
loop cqntrol outputs 86b' and 86b" are :espectively

coupied through sér;es resisfaﬁées 94a and 94b to the



ppear on the PLL out put waveform due to power |ine frequency harnpni css >
Y@ the substantially constant tine, after the start of each bit tine '
val , at which one of spikes 99a and 99b appear). :However, due to the .
""-I|n1t|ng action of 20 o nmeans. 82, the peak anplltude of a spike
99 is not nuch greater than the peak anp ¢yde of a desired output waveform -
from reans 86. The triple-ranp waveformfrom PLL nmeans output 86b is )
“applied to the input 'O a of an integrator nmeans 101. This 25 - AN
subcircuit is realized utilizing an operational anplifier 103 having a R
non-invertinFedapgutiveninverting +haPwEp@baaandononT igventdng drinpytg
.potentloneter 105, connected between .pos-..itive and negative, operatjng
potential s +9emef\a #@ﬁease#ialuﬁgplhﬁésrlé b | Sad@mRatEng wetbd- an

i nput resistance 107, é() 30, - inte rator ns in

?-lntfg;atlng Lanees ¢19a pand 9$§héﬁﬂnﬁe gachiy I nqﬁgPiQ4ré¥quEE9353b and l
: 103 -
- res Lt;ﬁée‘:ﬂi%“g % h&@é’ Bae e Lag RN, 2eom Joni¥ 084 k g tffierans

: 101 2

L AR AT AR i B

, thef begi |nnl ngtri'%h(fﬁ?ﬁl%?r g%ﬁgg ?H?¥h§g°m %bl ! r{)gl gﬁ?y@*%%éj &t ] x
oL reyeL® o M e iody WBNEL OhUERRoBER N S hduif AP Pl Eévfme
Thus, when a '%10 J%&@e&éatas%hgcehﬁedm%e% T

- 115a,-in the I quarter of the bit-time-inte IS |ncrea5|ng in the
- PYy - - (Figure 3d) applied to the transmitter VCO means control

'input although the peak amplitude; e. g. aV ‘thereof may
be different. The PLL means output waveform w1ll ideally havep'
a zero magnitude at the heginning, midpoint and-end of each .
bit time interval, identical to the tranSmitter frequency
15 S control'vaveform--"In'the'noneideal case, a-spikea99-may
'appear on the PLL output wavefbrm due to power line frequency
harmonics (note the substantially constant time after the
start of each bit time interval at which one of spikes 99a
‘and 99b appear) However, due to the soft limiting action of
- 20 S l_means 82 the peak amplitude of a spike 99 is not ‘much
_greater than the peak amplitude of a deSired output waveform
'-_from ‘means 86. | o
: The tripie-ramp waveform from PLL means output 86b is
) applied to the input lOla of an inregrator means 101 + This
25 subcircuit is realized utilizing an operational amplifier 103
- | having a non—inverting +input connected to tne wiper arm of
an’ off-set-adJusting potentiometer 105, connected between pos-
itive and negative operating potentials +V and -V.- An invert- -
ing input 103b is. connected through an input resistance 107 to

30 : integrator means input lOla An integrating capacitor 109



tive dit%ction wher eby t he associ at ed integratdr néans'output waveform i
a positive polarlty sinusoi d hal f-cycle waveform116a. Simlarly, when a
| 'ogi c-zero dat'a bit is received, the ranp waveform 115b, in the initi al

quarter of the bit-time- |nterval is of negative polarity, whereby the
correspondi ng integrator neans output waveformis a nega- tive polarity
hal’f= cycl e sinusoidal portion 116bg tIn the non- ideal (and nore general)
ca§€i a noi se spi ke received during the bit tinme interval will nerely

distort the anplitude, but not the polarity, of the integrator nmeans output
wavef or figo S il ' Eaﬁsaﬁraﬁada e anpl i tude
of +bV, h§ﬂ§Q£§§E%1€?twgﬁgr%gk%gggaqfkﬁkr d, at nos change the peak
magni.tude &r sd £ ﬂtren. ttaegé-tvméa

occurre% tkﬁbrlng ehdﬁgg t?ﬁ@ﬁgﬁpér aq£I éEh? theysplke t he magni t ude of

~the int St artld Py Ve ﬁ&ﬁg&tfg@g RAydier109anis sohnledtida ity were-

magni t ude e star bit ‘tinme interval. Illustratively, wth

SPike 998 06l rid it d&ﬁtgﬂgt 101Y,” Frdi M EEhOh debihd! r@divey \Whtpath 05

a recei |c one dat , and Wi th spi ke 99a being of positive.
pol arit f4mtikagde of the integrator output wavef or m abrupt |y
|ncreas§§n;FFp0|nt 118a, at the occurrence of spike 99a and, because of the -

t t "
ngn'al 'n;grsg; ‘*ﬂﬁﬂ%&féé{uhﬁ%@%%ﬂa@a en;m@ e 1l Gddallyhe

time interval not her spi ke is not

recei veg D@faréVSfoaf $¢hubedd athdvingedi pariodoR T, hamd iaving
bit- tlne I ntervd nerely provides a positive offset to the

nedal e st apsoutel il ot the, bugtonaiey ambmdy bt
if a SWJGEéEEh0$i§0€iheVQm®ﬂﬁﬁenslIThéepGlutﬂtynoﬁhthhlhalf-cycle
.integrator output waveform is established by the polarity
of the PLL means output ramp in the initial one-quarter of
‘each bit-time-interval. Thus, when a logic-one data bit is
reeeived, the ramp waveform poftion 115a, in the initiel
_quarter of the bit-time-interval, is increasing in the posi-
 tive directioh;-whereby the associated integrator means
_output waveform is a poeitive pdlarity sinusoid.half-cycle
~ waveform 116a. Similarly, when a logicezero data bit is
received, the'ramp.waveform 115b, in the initial quarter
~of the bit-time-ihterval,.is of negecivetpolarity. whereby
the cotreepdnding integrator ﬁeans'dutﬁut waveform is a nega-
tive polarity helf-cycle sinusoidal portionj116b..'1n the non-
ideal*(and more genefal) case, a noise spike reeeived'during
the_bit time interval wiii merely distort the amplitude, Eut
 not the polarity, of the integretof means output waveform
116. Thus, if the ideal case provided a peak amplitude of
+bV' the presence of a harmonic spike 99 would, at most
change the peak magnitude to +b V or -b'V, dependent upon the

polar1tv and time of occurrence durlng each bit time Ln.erval



; of the logic zero data bit tine interval T, the. zero-offset . .
1s¥] d portion 116b is nodified by the spike energy at portion 118b,“and

- Ras“a/l ess negative peak anplitude -b'V, corresponding to a positive of fset

po on 119b.. 1t 20 ~ will, however, be seen that the integrator

. nmeans out put wave- forn1is'predoninatehi f positive polarity for .a logic.

. one data bit, and is predom nately of tive polarity for a logic zero-
data bit. By comparing the integrator neans output waveform agai nst 25 -

- a substantially zero magnitude voltage, the state of the transmtted data

e ] S e
. 124a connecP8¥ be othex & ealﬁ’g‘gBBIaﬂ‘::Myp(ﬁ%‘l?in %ahﬁﬁgryﬁnﬂqﬁ%gﬁq‘ﬁﬁ
Comparator PRofdi o d Be TR HERRYAY MIAREERLYERY, “IAFH anthe 00
SHEREH TR IR T e e T
SR sTonal 1 BhetoB i maledtichies gRErcHTanioh BdRap B,
1225 o1 gnal PRRGFAVEG SYHRLYY, (08T RERT LRI O€" chd it eRzaRERoHLHud P!
the recer vePeYREReal ERALY| 10:PgRRbA" A7 MoMs DM, (dp FRefbiE it
ﬁ(r)(r)nv: gggi | NoENGp'i%Y GFL dhd! tbé&ﬁﬁ;k”%‘? Y:ﬂg B_d_siﬁ@@esbgﬁél poiaticy " Hd¥
a somewhat greater amplitude 119a for the remainder of the bit

10 \' . :ime interﬁﬁ1; 1f andther spike-is ﬁot'received, the'positive

| | offsét 120, at the begihningsof-tﬁe'next'bit-timé;interﬁal T',
mgfely ﬁtbﬁides a positive offset to the'negative;polarity
siﬁﬁsoidal half4cyclé of the integrator means output wavefdfm
119b in the logic-zero data'bit_time interval T'. Similarly,

15 if a spike 99b of positive polafity.is received in the first
quafter of the ldgig zero data bit time interval T', the |
zerdfoffset sinusoid'pbrtion 116b is ﬁodified_by the spike
energy at pottionIILSb, and'has a less negative peak émplitudé
-b'V{ corresponding'to_é positive offégt'pdrtion 119b. It

20 wili; however, be seen that the integrator means output wave-
form is predominately'of-pbsitive_pqlari:y_for'a logic one
'd#ta bit, and is prédominately of'negative polafity for a
logiq.zero data bit.

| - By gomparing'the'integrator ﬁeans output waveform against

25 a substantiélly zeﬁo magnitude voltage, the state of the
transmittéd'data bit can be recovered.j Accordingly, the
integrator means output 1015_13 copnectéd to the input 122a

of a comparator means 122. Thchoﬁparacor méans utilizes



20

® » . . :
illustrated case, because of the positive offset 120, the data out put

refmains at the  positive |evel 130a for a small interval at the-beginning fOf ¢
subsequent bit time interval T', 20 - ° and then falls, at edge 134, '
the negative polarity output level 132. Simlarly, because the non-ideal '
wavef.orm portion 119b attains the zero level at sone tinme before the end of
bitifinme interval T, the recovergﬂ:ﬂata_output has a rising edge 136 and
has a short positive polarity por4+bn 130b 25 i medi ately prior to
the end of the bit tinme interval. The clock pulses for bit timng, which
are to be provided at another-receiver output OUT 4, are provided by

1 b S MR Ay g
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152 is connéetté€ rominverting 1np to ‘the operationa I fier

t put Leh t ; tai Lo 0 5
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threshold_detectqr i nput 142a,
‘magnitude if the amplitude of the signal at the comparator

inpﬁt-lZZa’is greater than zero, an4 will be substantially'
"at the_negatiﬁe operating_potential -~V for a_cdmparétor input -
122a signal amplitude less than.Zero, as shbwn'in.Figure'Sc.
Thus, in logic-one bit time interval T, a positiQe output
level 130 is provided at the receiver data output, while a -
'negative oﬁtput 1evel-132'is-p:6vided_in the logic-zero |
bit time intervai T', in the i&eal case. Inﬂthé non~ideal
illustréted'case, because of the positive offset'lzo, the
data output rémains-at the positive level 130a for a-émﬁll
interval at the beginning of Sﬁbséquéﬁt bit timé interval T',
'and then falls, at édge 134,:to the négativé polarity output
level 132. Similariy, because . the ﬁon-ideéi wavéform portion
119b attains the zero leﬁéi_at;soqe time before thé énd of
bit time interval T', the recovered data'output has a rising
edge 136 and has a short positive'pdlarity portion 130b
.immédiately prior.to the end of the bit time interval.
The cloék pulses for bit timing, which are to be pfovided
at another re;eiver.output'OﬁT 4, are provided_by utilizing

a full-wave rectifier means 140 and a threshold qetector



-,

I)f connected to the rectifier means output 140b. A potentioneter,
fonnect ed between positive operating 20 potential +V and
potential, and has the wi per armthereof connected to an inverting
-input 156b of .the opera- tional anplifier. No feedback is used around
operational anplifier 156, and the out) 156¢c thereof is directly
connected -to the threshold detector neans output 142b, from which output
QUT 4 is taken. The threshol d detector output (Figure 5d) will, if -
potentionmeter 160 is set to a |level of +cV (see Figure 5b),
anpl i t ude meanise 1%2art Inttegraitot means owrpus tmlhe:.sncennehtemctw |

be at the zero

have a ri-sing edge 165, to a

t he p05|t|uheoﬂapmﬂriﬁanQﬁtt

reaches the threshold voltage +cV at point 165a.
have a trawavegresdd figr wehlizesi ancgpematimmak
falls below the threshold vol tage ‘at
~wherein pubgshgtbe|ﬂnxentinsefynappe
vol tage +cV,
1qganes§eﬁe§°t h&raund RrEens
t he actum

maveforn1reaches the trigqger
O%ut put wavdé borespectiﬂtﬁ
~ earlier point 165a',. whereby

OS-

itive value 166 (substantially equal

- fulingaveimactifier tmeanaves The fitl -

The positive pul se wl.
aop pifiezydié having

5 oint.167a. In t he non-i deal ‘case;

t he act ual |ntegrator nmeans

| eadi ng edge 165' _occurs

slightl
earlier thaf BnPlaﬁ-é' .qfeeﬁulw%@ntbal ¥t Bnmxemeaaxs'éanmee&enent@f Mé’abu

to

algghnough one

y .
t

time interval Simlarly, cr033|ng in the negative-goi ng dlrectlon

of non-i deandndédbor # Md% uﬁiéoﬁﬂsl 48a and J143h -2¥e; gonnpeeed \Aﬁbreby
the actual falling edge 167 occu i'ghtly later than the ideal jr ng
edge 167, 88Fies; Petpaen b@?ﬁ)‘?@st én@ L44b pivith nEhengep of 'dY q&e

10

15

148a connected to 1nput 144a.and-the cathode of d;oden148b
' connected to“input 1445_ I

is connected througﬁ'an'input resistance 150 to tne'rectifier
means input 140a. A feedback resistance 152_is.ccnnected
ftom:invetting'input l44a to the operational amplifier output
l44c, which forms the full-wave rectifier outpnt 140b. |
Threshold'detectorIIAZ utilizes another operational amplifier
166, having'a non-inverting +input 156a connected through an
input resistance 158 to threshold detector inpntIIAZa, which
is itself connected to the rectifier means output 140b. A |
potentiometer 160 - is connected between pos;tive operating
potent1a1 +V and ground potential and has the wzper arm
thereof connected to an inverting -input 156b of the opera-
tional amplifier:l No feedback is used around operational
amplzfler 156 and the output 156c thereof is directly
connected to the threshold detector means output 142b, from
which output OUT 4 is taken. o

' The.threshold detector.outtnt (Figure Sc) wili. if

potentiometer 160 is set to a level.of +cV (see Figure 5b),

be at the zero amplitude at the start and end of each

The junction between the two'ciodesc

fbayanst he nonr tRVersing: AnRuE put
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| ogi c-zero bit time interval T :, the action of full-wave recti- fier 140
Inverts the negative-polarity integrator nmeans output, 20 wher eby
t hreshol d detector 142 receives a positive-polarity sinusoidal portion. |
the ideal case, rising edge 169 would occur at the sane tine into the bit
time interval as ideal rising edge L6 occurred in its own bit time
inteival, with the threshol d detect ans out put 142b havi ng sub- 25
stdﬁfially the positive operating potential +V portion 170 thereafter,
until falling edge 171 occurred, at substantially the same point, before
the end of bit tine interval T, as trailing edge 167 occurred in its own
bit tinme bigctime intervad:h andoskilblibavelscrisdngr@dgeailkh5intoha i post-
case, be centered substantially about the m-ddle (time [ERR] or tinme [ERR])
of the askiivetwaluet 166ndsubarantially equadotoi ¢he pasitivecopeygating o
clock pulse rising edge 169" would occur sonme- 05 , what |ater_ than
the risi rppteneiabo+Vnmagniitasie) cashen wehecvavefoom dil6a reaghesgther
woul d occur - somewhat earlier than the ideal falling edge 171, for the
i | | ust r atthreskeldi valgage oW appeintylhdase Jhes@osigiveiprlse widi
that the full- wave rectifier and subsequent threshold detector allow the
3510 havetat trahdingr @dge 147 tvhen thei Lipteeratos) mesns, oWLPUE pre-

sence of noisé or Eomer | i_ne frequency harnonjc_pul ses. |f desired, gsta
conpar at svavebormy Lpbar Sialdie bedow %%ﬁpFErﬁﬁHOM Foki@ge 185 POINENL67Re

sanpling input 175a thereof con- nected to {he threshql d detector output
142b, \Ahe'FfébS/h?hBOBaﬁ-geﬁa case, *gtﬁ apu Sﬁpérgét dﬂql&ﬁ%t %{ayaﬂ’ ears
provided to_i nput, 175b, are sanpled and held to provide a synchroized '
Sanpl - aRREOF BhEpINCEATALAR, HRAM SHEPHECURVELOTR SRaghes iEaks 101

Lher of or & et o 2%l Ba3iThP 8te | Dokul o0 RRRTANE Yodd SLESES0e -

10 . form 119a reaches tﬁé threshold voltage at an earlier point

| 165a’, whereby the actual leading edge 165' occurs slightly

earlier than in the ideal case, but still well after the start

of the bit time in;efval.' Similariy,.the_crossing, in the |
negative-going directiqn; of non-ideal waveform 119a occurs at

15 a later point 1673', wﬁerebf_thé actual falling edge 167' o
occurs slighcly later than tﬁe.ideéi'trailing'edge'l67, but - |

still well before the end of the bit time interval T. In a
.lbgic-zerolbit ﬁime interval T';'the action of full-wave recti?'_-
| fier_140'invgrts Ehe negacivéépolari:y integrator means output,

20 ._I .ﬁherebysthréshold de:ec:or 142”reéei?es a positive-polérity_
sinusbidal éo:tion; Iﬁ the ideal cése, rising edge L69

,wbuid occur at the saﬁeltime-into the bit time interval as

iﬁeal rising edge_165'o¢curréd in_its own bit time interval,

with the threshold detector means dutput_lAZB_having.sub_.

25 - Stanﬁiaily'the'positive_opefating potential +V portion 170
thereaftér,'untii falling edge 171 occurred, at substantially

thé samé_point..Beforé'the end of bit time interval.T'. as

trailing edge 167'occur:ed in its own bit time interval T.



meke _only one excursion froma value |lower than the threshold 20 . s Of o
dgt ecX or neans 142, to a value higher than that threshold, during each”bit
ti }'nterval. Furt her; the integrator output - waveform should refurn to

t Re" I/éwer -t han-t hreshol d val ue by the end of the sanme bit time interval, to

i nSure that only one timng pulse is gizgrated per- each received data bit.
25 " The setting of potentiomet 60 is established to assure the
foregoing criteria. Al so, the . r means output waveformshould g
exhibit a positive value at least once during each |ogic-one bit tine :
interval, an Bﬁg@é'v yabde eppd woEEadughn G | £44&" OpRi t-
P tine interv%&_‘ Y sokeé‘f%gkgsr}?tr?g attﬁ%a- I-nt egraffgr’-_g'tzt %l??rgqéuél)?e%nté,

| receiver 12 widda284 \ '?g? N BESEECtRe OChiddteN(¥igtess ©PidesriE t,'
. -result in haér,&réoénelc no%gte,gggh 0 q'(:)"y;_:ea-_S . e... : 4t _(a(_)_ ~the ﬁrr%‘fei?%ggtign)-
. of anplifier,BGnd O#yeétﬁﬁﬂabﬁd%fﬂc |t #fhd SInEBRPE152. Iheiedid ndlsid@Alt Alse,

spi ke energy, ere e spi ke magni tude does -not substantially exceed the f

chi.r p- f r equegy- a5 88oCR10CK pulse rising: ek 16% Rajulfsseéiutt 8om@d
substantially rejett out- LO ~~of-band Spi ke harmonic content; (c) -
tge- phase- | il 1200r "BRAR Bhe WildiZAS @dgar 169 iRdntd dddibcdse] ewhale

0 therefore potentially affected only by Those power |ine harmonics which
fall withindfe 4etehlVvehY1iag @igsEPENGuealihockoy worewhdd cdafeehthan -
i'ncl udes capacitor 92c). Even those power line frequency harnonics falling

wi thin the pagsbpdeadf FalltihgWedies 171} efoll heoilditedted casecwilthypoas-
“harnoni c cancel |l ati on" process to be described hereinbelow. It is :

especi al | y advipfe-pobagiity foilsal pukses Ar eIpowdlicbet iseer itiat nthéefull-
I nst.ant an-. ' ' : :

wave rectifier and subseque#t threshold detector allow the

10 ‘bit timing info:ﬁation"tq bgfe#siiy_provided, even in the pre-
séﬂce dfﬂnoisé.pr power line_freqpeﬁc& harmoni§ pulses. 1f
desifed,_data_coﬁ@arator 122 may be fdllowed'by a samﬁle and
hold means 175, having the sampling inpu:.175$ thereof con-
‘nected to the thrgshdld_detecto# output 142b, whefeby'the'data

15 pulses at comparator output 122bara prwi.ded to input 175b, are sa:pled
and held to provide a synchronized sample-and-hold output 175¢ waveform.

" The receiver integrator means_IOi theréfore must act in
'such manner that.theimégnitude of the integrated output will
make only one exéuxsion-froﬁ a vélne'loﬁer_thén the threshold

Zﬁ . of detector means 142, to a value higher ﬁhan'that threshqld; |

” during each biﬁ time int?rval.__Further; thé integrator output '
ﬁaVeform should return to the lowér-than;ﬁhreshold'value' |
By the end of the same bit timg'interQal,-to iﬁsﬁie tha; on;y
bne timing pulse is gene:ated per each received data bit.

25 - The settihg-of potentiometeg'lﬁo is gs:ablished to assure

the foregoing criteria. Also, sgg/gg;egfa:gs\fzans output
wavefofm'shoﬁld.exhibit a positive valﬁe_atJlegft once during
each logic-one-bit time in;erval,_and_a negat%vg value at

. ) \_\I.
5\

\
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20 * *. eous carrier frequency (as shown in Figure la) and the phase-
| ocked | oop can therefore utilize a very-narrow band | ow pass filter,
t'her eby reducrng t he phase-| ocked | oop nmeans suscept- ibility to bot h
har noni ¢ and whi.t e- Gaussi an noi se; (d)] the chirp-frequency-nodul ation

t echni que reduces 25 . har noni c n0|se susceptibility due to the
afpre-nmentioned "harnmonic cancellation.” Referring now to Figures 6a-6d,
t h=har noni ¢ cancel l ati on process. nay be understood by referring, -

initially, to the case (Figures 6a and 6b) where only one harmonic'is -
present, f e iH@Qﬂ L G4y aand t

bet vieen tﬁ%aén?n?ﬁrrg% P?gquencfd[ﬁélgl?&jé%dataﬁg‘ %)I??%uﬂrﬁﬁr equenc?ﬁ[ EWB QoW“ I_ e
ei ther | ogi€apl€shing 'O GrAcidr 862 au:? rR3uiremdifcd | BPegbLyeg and
the harnonic frequency may be above or be om1the center frequency, the same

resul ts Gp{ Pl nNacfceer trininfilze éﬁﬁrEEfécﬁénéﬁ'e?ddﬁtdﬁddsbgpﬂkéﬁuaﬁad
illustratively wwth respect to transm ssion of & |ogic-one ta bit and a

har noni ¢ fégaLenss hEPRoniw ensise t4@nfohRowsnt er frequency [ERR], 10
but | ess than the maxi num frequency [ERR].. Thus, during bit tinme interval

T the phase-|o¢&¥d thep amplisfindtion voEt aapl\i&:&ler 80y tfoklowedobyagni t ude
at time [ERR] and substantially linearly increases as the instantaneous

transmt tegift r bimtoey seanss 8% andéjecty moscavfy therspilce émergyhe center
fre- 15 quency [ERR]. Wen the chirp frequency reaches the harnonic

f r equencywhéreby( shet ispdleEmidgni tide plaes- hotk atibsrantkalby f exqaedcy Wil |
dwel | at the harnonic frequency for sone tine At, with the PLL neans out put

vol t age rthei chigpefregiencyvmddul aved EoBkrieef Grifgnaisu‘lrevgl garrier
tracking at the end of 20 ' ~that small time interval. Thus, output

voltage Va6b' €h)- the bandpass filter 84 substantially reject out-
of-band spike harﬁnnie content;

(e) the phase-loeked'loopimean3'86 utilizes a narrow-
band iow-pass filter and iseﬁherefore potentially'affeeted.
‘only by those power line harmonics which fall witﬁin the
relatively narrow passband of the low pass fxlter (which
includes capac1tor 92c). Even those power line frequency
harmonicslfalling within the passband of tbe low-pass filter

~are to some extent reduced by a "harmonic cancellation”
'process to be described hereiébelaw.'-lt is especially advan-
-tagiogs.in that.therelare no discontinuities in the insﬁantan-'
eous carrier frequency (as shown_in Figure la) and the phase-
locked loop cen'therefo:e-utiiize a very-narrOWbband‘low-pass
filter, thereby reducing the‘bhase-lbcked loop means'suecept~
'1b111ty to both harmonic and whlte-Gausszan noise; | |
- (d) the chzrp frequency-modulation technique reduces
harmonic noise susceptlbility due to the afore-mentioned
_"harmonic_cancellaﬁion." |
Referring now to_Figufee 6a-6d, the harmbnic cancelldtion

process may be understood by referring, initially, to the



' y linearly increases fromzero magnitude at tine [ERR], to
magniiyde [ERR] at time [ERR], and then remains at voltage [ERR] for the®
[ERR: % e interval, until time [ERR]. Thereafter the PLL means out put

age resunes its increase until the i mum 25 - voltage ['ERR] is
reached at tine [ERR], when one-quarter of bit tine interval T has el apsed.
Thereafter, the output voltage decreases as the chirp frequency o
substantially linearly decreases, until the harnonic frequency [ERR] is

Pl Teriene Arsdiced 68 LEETHL). WA SHL PR hOPHOHRR Te pliildt,

| ocks to th requency for“sone tinme 1’nterva

subst anti al L?f i?rﬁ.telqﬂeeﬁ/%tﬁgﬁ%ﬁfgﬂt Eg%?%ﬁtg&gntﬁeégﬁnég 'béh‘f,,%wd of

~time interva 00p” reans res arrier tracking

s, AL it SEEGURERS: L0y 000 Gl iy

The | nt egr aft Sieand i FEORFE oL0BFoPRS BRI JFOpREL2PE UM I IY
"0 TR0 {yge e FarldnThd 4 64 "EHLCRASRBNY Squency nE B! BbdiPYr

Waveshape 1 reaching a peak at trnme t (at the'm It tinme

‘ .

interval 1) paige G Ueikds FFEQuBtitl! ife Yarid Fedbled! obbaiand Hedid-

time interva ver, at ting the 1 ntegrator 1 nput voltage remalns

constant, iﬂﬁg}ggy%krﬁﬁﬁiéuﬁﬂﬂcéﬂliﬁiﬁhaWﬂﬁi'B&'&IE@&§¥e35illustratively

.increase, wh y the.actual output voltage tends to increase sonewnat .
nore sl owl yyf BAN riegpdia: | 8 2t r4ASMi s8i o @ PV1diéidRe l8dta bile nd R

the increase of the integrator- i hput voltage re-comences and a nore rapid

i ncr ease i nhkfionilec Frdduieney PEL ¥ekhted EMud itke %ﬁ'za&cgﬁcaq]ue'ﬁgfifre |
[ ERR], 20 © the actual 1np8t voltage does not- substantially Ilneé?1y
10 but less than the maximum frequency £ +0f. Thus, during bit

time interval T the phase-locked lbép'meahS'output voltage
- V86b' starﬁs at. zero magnitudé at ﬁimh t, and substantially |
linearly increases as the instantaneous tranSmitted'frequéncy
'-glso substantially lineafly increases from the center fre-

15  quency f£_. ' When che_chirp frédugncy'reaches the harmonic
frequency fﬁ (a;_time ta), the phase-iockéd loop mgans‘l
frequency willfdwell at thé'harmoﬁic frequéncy'for some time_
At,;With.the PLL means output voltage remaining at Vy until

time tyo before resuming carrief :récking-at-the end of

20 that small time interval. Thus, output voltage V86b' sub-
. ' stantially linearly increases'frqh'zero ﬁagnitude.at time tgs

to magnitude éﬁ at time t_, and.thép remains at voltage Vﬁ-
for the At time interval, un:il time - Thereafter the PLL
meaﬁs output vol:age-resﬁmes.ité increase until the maximum
25 : voltage V?_is_;eached at timg ti; when ohe;quarter of_bit _
time interval T has eiapsed. ;Theréafter. the output voltage
‘decreases as the chirp ftéquency substaﬁtiaily lineariy
decreases, until the harmpnié;ffeqﬁenéy £, is again

reached. At this time t,, the phase-ioékgd loop means

s
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20

decreas8, but remains constant - for the tinme interval At', whereby the
actual output voltage continues to increase (portion 183) until time td,
a rate nore rapi'd than the rate of change if the substantially linearly
decreasi ng 25 ~ input voltage were present. |If the dwell tines [E o
and [ERR] are identical, the integr@ 6 output waveformwill be essentially
identical, after time.td, in either ‘the ideal, non-harnmonic case or in the
acktal , harnoni c- present 30t case. Even if the dwell tines are :
slightly different, the remainder of waveform 180 will be substantially

i denti cal I 1 b 8 the Bidh :ﬁ?ﬁﬁs - i tg; 'Ioﬁ' SERE :
effects oafé’ét% %%%I? Figngh:‘%r equency a?rme)i?gﬁfg Eafg\gené- 05 iﬂetélrgﬁﬁy.
negat ed, t hoygbht PRel BUbF UYL He¥ I ol g i t

Ref erri ng@'_inow to Fi gu?es 6¢c and Gédl,!gt%?ur.a?{ittey of har rmr‘ﬁf C'rzeﬁ‘gggéﬁ{éggt are
present, ¢Hdiefroin! St AkatHNighd ¥k PhéSeAtedval Nrequengy, '[miﬁéofg,t he
center frequency [ERR] 10. - - - and another harnonic being present at'a
frequencyHERRopehednkh e eavitied ddPFHE@RC¥racRialg antidife ddupitavoltage

| ogi c-one or a logic-zero data bit nay be transmtted, the sane results
obtain, ajgkPeages eocehecnegdtivepéakevaleagesed | 4ttt e ve%ytw th

transm ssion of a |ogic-one data bit. 15 Duri ng bi I me

interval Pefdrepfabsthackiad Iy ddnearby olhereasihgngo \HEdD "mﬁ%ﬁitﬁdat, zero
e

magni tude at tinme to and substantially linearly increases as t

1 nst ant angusiheangy’'t edspotiicrne \tél chesnbat-dncradsing releitpy freqasney.
fromthe center fr€quency [ERR]. The chirp frequency-reaches

The integrator means output voltage V10lb' thus starts
at a'substantially zero magnitude at time tg and woﬁld'ﬁormally
| have the ideal wavéshape 180, reaching a-peak at time t,
(at the ﬁiddle of bit time interval T) and returning to
ﬁ.zero amplitude at time to; at the end of bit time interval.t.
However, at time ta,'the integrator input voltage remains
constant, instead of.éontiﬁuing to substancially lineérly
increase, whereby the.aétﬁailgutput voltage tends co'increase
 somewhat more slowly than in the ideal case, as shown by
portion 181. At time t,, the increase of the integrator
input volcage.re-ccmmences'énd a more rapid inc:ease in the
integrator output voltage (portiom 182) occurs. At time'tc,
the actu#l.input §01tage:doés’not'éubstantially linearly
decreasg, but reﬁa}ﬁs constant;fbr'thg time interval At',
.whereby the actual output'voltage-continﬁes'to increase
(portion 183) until time td,:at a rate more rapid than the
rate of change if the'sﬁbstantially linearly decreasing |
input voltage were present. If the dwell times At and At'
are identical, the'integratbr oﬁtpu:.waveform will be
eésehtially identical.'after time.td,_ih eitherithe ideal,

ndn-harmonic case or in the actual, harmonic-present
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4 ~upper harrmonic frequency [ERR] at time [ERR]. and the phase-

bd | oop neans frequency then dwells at this harnonic frequency’fort?he
SYE time interval At, until tine tb. The phase-|ocked | oop neans out put .
vol tage therefore remains at.voltage +VHL fromtime ta to time tb and then:
resunes 25 - carrier tracking, é; h-a substantially |inear increase
to the positive peak voltage [ ERR], ime [ERR], when one- quarter of

bit time interval T has el apsed- Thereafter, t he out put vol tage decreases 3.

“as the chirp frequency substantially . 31 linearly decreases, until the %

har moni ¢ f reasencyEVeRRLE itheagivell coihes. arét s&wghuhwmiﬂﬁ-enthethe
phase-| ocked | oop neans again locks to this harnmonic frequency for some

time interdmafindeni off wavefiorss &80 avill cbessabstantiakbysidencital
voltage 5 _ [ ERR] being output therefrom At the end of tine .
interval [E#feritimeat i in Hoth masesp nThus,r deuwddllc e i seenr shhatng
and t he out put voltage 9herefron1substant|ally linearly decreases until the

| oop | ocks the téfféctar olfatienipover dlimeyffEgRBhcyt hammoriid:Rls essenkoop

. remains |ocked to the | ower harnonic frequency for sonme tinme interval at''
- 08nd the subsiallyahegatedst altthoighgehé ERREegy atop outputn waee formneans.
At tinme [ERR], the | oop neans resunes. carrier tracking and the output
decreases1ﬁymmgtm$gi8|dcspmﬂyadﬂue [ERR], at tine t3. Thereafter, the

| oop neans out put vol tage sub- 15 stantlall i nearly increases
until the |oop Referripgsnow tte Emes\aﬁqnmd qéePAUTEREY a0t i ne
[ERR], for another time interval At'''. The |ogp_output voltage renains

subst ant i alharmomteant eag.- ¢MD, #Ne |PYesent, wash endl :wp haxmemic being

tracking and the outgut vol tage increases to .attain
. present at a frequency Vi above ‘the center frequency £

10 | and another hermonic.being present,et a frequency VHZ below_q
the center frequency. Again{'ﬁhile'either a lcgic4cne or
| a logic-zero data bit may be trensmitted, the eame results
_obtain, and harmonic cancellation will be discussed
_'illustratively witn_trensmission of a logic-cne data bit.
f 15 - Duringvbit-tine interva1 T the phase-lccked lcopumeens
| output voltage V86b'' starts at rero'magnitude.at tine to
and substantially linearly increases es,the instantaneous
transmitted-frequency alsc substantially Iineerly increases
from the center frequency £,. 'The'chirp frequency reaches
20 ‘upper harmonic frequency fHI at time t 'and the phase-
locked loop means frequency tnen dwells at this harmcnxc
'frequency-for the sﬁall-time_interval At, until time Cye
The phase-locked loep means output'voltage therefore remains
at voltage +Vh1 from time t, to time tb and then resumes
25 | carrier tracking, with a substantzally linear increase
" to the positive peak voltage +VP, at time E when one-
quarter of bit time: Lnterval T has elapsed Thereafter, the

output voltage decreases as the chirp frequency substantielly



20 ° . a-zero nagnitude at time to', at the end of.the bit tine
interval. The integrator nmeans output voltage VIAb'' therefore starts at
substantial | y=zero magnitude at tine to and would normal |y have the ideal
waveshape 180, reaching a peak at 25 - tinme at the mddle of bit
time intervall T and returning. thereaftsg'to zero magnitude at tine [ERR],
at.-the end of bit time interva

't dthe integrator input voltage rendins ‘const ant, 32 instead of

continuing to substantially |ineay]y jncyease, mnt t he actu oyt put
vol t age i hER@aELNgd GGFEHQQSInHQFéi 9# L (#¥Q&H9n°thh1tE§ i dea

and- 5 moragh éges ad. "k rs'“ﬁﬁtpﬁi' KRG g~ adlied Loppimesay; '.

portion 182

ERR h | i | doe
substantl%ﬁ?y‘l ﬂg él ﬁodgaleggémb‘ﬁ'}i?e eﬁﬁ’g‘tet%ysl thq\ﬁetﬁ&? gE%P%%t@vlval
t', th t { It t .
L e o i, AR il T
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sz at time t_ .- The loop remazns locked to the lower
harmonlc frequency for some time interval At'' and the -
substantially constant voltage “Vyo is output from the PLL -
oeans. At time tg, the loop means.resumos carrier tracking
and_the outpﬁt-décreases to the'negative'peak valuo -V?, at
time t,. Thetoafter;'the loopimeans.outputZVOItgge sub- |
stantiolly,linear;y'increaseo until_the loop again locks
to the lover hatmonic frequency fﬁz; at'time'tg, for another
time interval At'''. The loop“output voltage remains
substantially constant at 'VHZ' until time t, when the loop
resumes tracking and the output voltage 1ncreases to attain
a zero magn;tude at time t' ‘at the end of the bit time |
interval. ” EEE
| The.integrator meéos output voltage V10lb'' therefore

starts at'sqbstantially zero'magnitﬁde at time:to'and would
normally have the ideal wavéShaoo 180, teaching a peak at

. time.tz at the middle of bit time interval T and returning
thereafter,to zeto ﬁagnitude'ét time'to',-at the end of
bit.timo interval T. As in the.single harmonic case, ot 

time ta the integrator input voltage remains constant,

i!n the S|ngle harnoni ¢ case, at tine '




20 N | 9drator output incréaéing vol tage continues until tinme [ERR] wpen .
t grtual input voltage ceases to decrease.and remains constant for tine
~ifptefpal At''', with the i'ntegrator out- put decreasing (portion 187) at a

r ‘more rapid than the rate of change if the substantially linearly
I NCreasi ng 25 . . vol tage were presengzz{ the input. It wll be seen -
- that I f the dmell.tines at and At' ~are identical, and if the dwell tines

At'' and At''' are identical, conplete power - I|ne frequency har nmonic

cancel | ati on ivigtead OFf . coﬁuﬁﬂuu.h t&%dﬁ&tﬁ!ﬁéll?”ﬂn@a@:l%} iiHEtdase, ﬁu:h'

| ~different, due to hysteresis effects iin the phase-Tocked | odp neans or t

integrator mthes actusl adurpuy YolltageoridfecrdaPDig! sbin&%hfartewysf@ﬁ]:?g' §n

rejection will occur. Wile the present invention has been.described w

respect to openviexerid)' prehanr cheaideal Wasebodiger , WHd dnPadgrator
and nodifications of both the apparatus and-the chirp freque cy nmodul atT on _

wavef orm wi | input baltegepsgatnt startisowo sitiétedsenante adtore ey td ngl v,
the foregoing.description is by way of explanation and not limt- ation, as

| - mf03 hvent i oninereade in nthedintkgray orhoutmpe uélthgeapacnqhmfdrﬁIIM'

34 CLAIMS 1. A method for transmtting binary data, com prising the’

steps of: occurs. At time t,, the actual input voltage does not

| substantially linearly decrease, but remains constant for the
time interval At' ,_with_the actuai outpur voltage continuing
to increase, iu_portioh_lBS'._unﬁil :iﬁe'td, and at'a rate

10 more rapid than the rate of change.of the'subséantially

_lineariy_decreasing insut voltage were present. Ihereafter;
the in:egrator,outéut'voltage decreases until time'ce,-
when the integrator input voltage”remains constant; at
| magnitude -th;.instead of_continuing'to substantialiy'
15 - linearly decrease. The_actualjourpug-yoltage therefore
| tends to decrease_somewharfuore slowiy, in portion 185, than
in the'ideai case. At time tf;;theddecrease.of the integrator
input voltage resumes and a more rapid decrease in inte-
| grator ourput voltage, at portion 186 occurs ' The inte-

.20. s grator output increasing voltage continues until time tS
when the actual input voltage ceases to decrease and remains
constant for time interval At''', with the incegrator out-
put decreasing_(portion 187) at a rate more.rapid than the
rate of change if the subs:antiallyeliuearly increasing

25 ,volcage were present at the input” ‘It will be seen that if |

| the dwell times At and at' are idencical ‘and if the

dwell times ae't and At''' are identical complete power

,line_frequency harmonic canceliationﬁwill occur. Even if
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. v : .
(a) providing a variable-frequency transmtter having a predetermnm ned
center frequency; -5 (b) - selecting a bit tine interval in which
.bit of said binary data is te be transmitted; (c) causing the transmtt rl(
i nst ant aneous frequency to be at Rgﬁgcenter frequency at the beginning an
end: of each bit tinme interval; 10 ~ (d) continuously varying the
i ngt ant aneous transmitter frequency at | east once durlng a bit tine

_Lgtgfyna'm%gagggﬂgqu;eg;“w BREL S A PRart c P (P (FERCRFESES! | (ot
. I
transn fngf erE. 4 cytysliuﬁ; &a&aﬁ”ﬂﬁé}*ﬁ#ﬁ% o SHF i95eErat B%Z“Sd
m_nl mnmtre uencx 1evne]:[y|- & %!ﬁrﬁggl %lé%ﬂf(%/m%r nsmt a secon
-Eegﬁr%ug g t snlttgr frequency |s mnthout di s-
conL|SU|?§tfﬂ°8? g j rm¥#19$éﬂgency change. 25 . The
. met
| P‘?eqﬁenﬁfy o b g? o PEget Rt f6g A ﬁ%%ﬁ%ﬁ@%ﬁa%“' .
oo quar (LFOUEEEY Fbl oid® FIRRANELY iFdraRd! Bbardtus faflodEhineee)
4, T
' eacn QBT orSEFAFAEYE gt MRIEHLC A ERo° B Kok rﬁi‘?rﬁﬁﬁfﬂé@ﬁﬁue“y
the chirp frequency-modulation waveform will now become
apparent to those skil}ed in the art. Accordingly, the .
?  foregoing description is by way of explahation and not limit-
- ation, as my invention is to be lxmi:ed only by the scope

 of :he appendzng claims.



A nmethod according to any one of the preceding clains, wherein
sy ant aneous frequency is substantially equal to the center frequency
mddle of each bit tinme interval. 5 6. A method fot™ -
cating binary data over a cong?glcatlons medi um- conprising the

of: (1) transnitting binary d

(a) defining a bit time

|nterval during 10 . which a single bit of data is to be communicated; (b) __

converting each ¢giaaMyt to a first signal waveform having a first b|nary “fi

| and
‘condition in the ffrst and fourth quarters of the bit time i nterva
havi ng the remai ning binary condition..in the second and 15 third quarters

of the bit tinme intervaly mebhod rr;&grﬁtdl_ ng 2 IH ansm
"obtain a triple-rangp.wav rm pr ov
aevefornlof Earlgﬁgg Pﬁ%ﬁ%ﬁﬁéﬂ%%ﬁ%‘? fiequency controlled 20 by the

réin§ q@é%¥aveforn1to

avi 7g™an out put

magni tude of a mavefornman aﬁﬁﬁﬂiﬁmﬂgfﬂ EPEdle lfdued &Y ¢ P&ﬁéhfgﬁépe

transmtter to h ? pr.e
wavef orm magni t ude-a

& fe

rm ned re uency with a predetermne

DSt nifrequency; (f)

~applying the triple- ranﬁbmavshmeuuxmgfEaHﬂﬁﬂﬁﬁmétiﬂtéﬁVHI(&n'WE&Eth vary

the instantaneoug;trggug
poi nt and end of eac

m d-

R o

frequency, greater than(ehe @@Mﬂm@glﬁhgnnngnSMEttenﬂuhsﬁuntéhéaw&nUﬂ1_
frequency, Iless fPéQuEH%yCQBtB% at the center frequency at the

beginning and end of each bit time interval;

10 -

(d)

continuously: varying the instantaneous'

_transmitter frequency at least once during a bit time
interval to a maximum frequency greater than the center
frequency and then to a minimum frequency less than the

'centre frequency -to transmit a first binary condition;

1  and

(e)
transmitter frequency at least once during a bit time
interval to the minimum frequency and then to the .
maximum frequency to transmit a second binary condition.

20

_l .

continuously varying the instantaneous

2. | The method of Claim 1, wherein the continuously-

varied instantaneous transmitter frequency is without dis-
-continuity in either direction of frequency change.

25 3. The method of Claim 1 or Claim 2, wherein the
- maximum frequency and the minimum frequency in the
first binary condition, and the minimum frequency and
maximum frequency in the second binary condition, res-
pectively occur at one-quarter and three-quarters of
30 the associated bit time interval.

4. - The method of Claim 3 wherein the change in

instantaneous frequency in each quarter of the bit time
interval is substantially linear.

\'.
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frequenicy to transmit a first type of binary data bit and to have the

'nrnlnun1frequency and then the maxi mum frequency to transmt a second typ
.of- binary daga bit; (l1) conveying the transmitter output waveform 35 :

RSN

over the nediumto at |east: one receiver; and - 36- (II1) recovering t

binary data contained in the transmtter output waveformrecei ved signa

at' each of the at |east one recei ved, 38y~ (a) frequency-denndulating t he
ﬁigquency 5 variations of the received signal; -(b) integrating the

frequency- denodul at ed, si | ., and nparing the jntegrated and
frequency- demddul-atefl Eggﬁﬁp ﬁff'ﬂg’gépgf glpeﬁé’éf Ié’\?el°th &&"@otpéierf’eﬂj-ngthe
binnary val ue oélaims,daherbin shet1hptah$ahe@msﬂﬂﬁe@uedby 1s The nethod of

Gatm s, unerchiogh e LhiLy, Rk O bR o oL o agevery 1o ¢

signal . 8. nihdleeefiogaoh bisi tiime vnéeevalt.ne data cl ock wavef or m of
step (III(@ is a pulse occurring in the bit time interval of each bit of
recei ved bl nary data 20 recover ed. ~~ The nethod of Caim8, wherein

step (111d) inRtudes &neethegsier: cp@munmaélm&thlmrﬁgdtam ioves> agr at ed
and frequency- muaieﬂtsbaaahedaﬁﬁ tabﬁiamls@ng%he ARlepH i07G the rectified

f:%gal to recover a clggk %aggsgigklgélggngrgldatg %glse durlng each bit
: (a) defining a bit time interval during
10 . which a single bit of data is to be communicated;

(b) converting each data bit to a first
signal waveform having a'first.binary condition in the
first and fourth quarters of the bit time interval and
having the remaining blnary condition in the second and

15 third quarters of the bit time interval;
' (c; 1ntegrat1ng the first signai waveform
. to obtain a triple-ramp waveform;
(d)  providing a transmitter having an output
_ waveform of variable instantaneous frequency controlled
20 by the magnitude of a waveform at a transmitter control
input; | |

(e) setting the transmitter to have a pre-
determined frequency with a predetermined waveform
magnltude at the control lnput s+ and '

”iigﬁ o zs_fﬂ, S (f) applying the triple-ramp waveform to

the transmitter control input to vary the 1nstantaneous

' f;sfrequeney to have the center frequency at the beginnlng,
. mid-point and end of each bit time interval and to have
. a maximum frequencj,'greater'tQan the centre frequency,

T e

30 - and then a minimum frequency, less than the centre
frequency, to transmit a first type of binary data bit
and to have the minimum'frequency and then the maximum

' rrequency to transmit a second: type of binary data bit;
(II) conveylng the: transmitter output waveforn
'35 ~ over the medium to at 'least one receiver; and

¢ e -
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interval . 10. The nmethod of Claim 7, wherein the transmtter 30 ¥ .
freguency change is substantially linear. 11. The nethod of C aim6,
£in step (111) further iwcludes the step of anplifying the received

ydal prior to frequency-denodul ating step (ll1la). 35 - 37 - 12. The .
od of "Claim 11, wherein the anplif.ying,step includes the step of
fautonatlcally controlling the amunt of a%%flecatlon I n 'accordance mnth

t he magni tude of the received signal. 5 13. -A met hod accordlng to .any g_f

one of the Clains 6t furt rJd,si e
filtering the recei veglé% ngllecrbq're Cﬂ{% “Jfk?éeqq%leﬁ%& a%n%%u?o g@e% (T”P?a)
10 14. A net hcdmm@@m@mmwanﬂfqﬁm trmecej,mdrssi?gma)l mtfmeheof‘ :

conprising the p i | it itude of the received signal .
prior to freque%%% age%% S%Ef*ﬁzgg?g% ( Iﬂa 15 15. The nethod of O aim
6, wherein converting step ((&) dumsueneyrérnedeinting phevfueayerarh of a

plurality aof bi papyatdlondidss 'dH’é qaé‘dbﬁg@%ﬁgryﬁone of a plurality of bit

time intervals; providing a cl.ock si gnal hav] % four substantlally
equal | y spaced pul ses in- eaéW)mtlQQ?ﬁ¥qqﬁQﬁ\ﬁﬂe #ﬁ ﬂ?%@“%??%%? atsde
shift . signal; and’

'(c) comparlng the lntegrated and frequency-
. demodulated signal with a reference level to obtain
10 ‘the binary value of each data bit sent by the transmltter.
7. ' Thé method of Claim 6, wherein step (III) further |
comprises the step (d) of recovering a data clock wave-
o form from the integrated and frequency-demodulated
15 signal. o ' .

8. The method of Claim 7, wherein the data clock ;
-waveform of step (IIId) is a pulse occurring in the bit
- time interval of each bit of received binary data
20 . recovered. '

9. The method of Claim 8, wherein step (IIId)
) includes the steps of: full-wave rectifying the inte-
grated and frequency-moduléted.signal; and threshold-
25 detecting the rectified signalltO'reéover a clock
waveform having a 31ngle pulse during each bit time
1nterval.

10. The method of Claim 7, wherein the transmittef
30 frequency change is substantially linear. '

11, The method of Claim 6, wherein step (III) further
includes the step of amplifying the received signal
prior to frequency-demodulatingwstep (IIIa).

.35 o -
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. re@iste¥; loading the binary value of each successive data bit into the

.second and third stages of the shift register responsive to a first one of
“the four clock 25 pulses in the bit tine interval associated with the da
bit being sent; .loading the inverse of that binary value into the first- a
.fourth stages of the shift register responsive to the sane first clock _
pulse of that bit tine interval; and SEr3BJTy shifting the 30 contents of
al%k~four shift register stages fromthe. shift register, with each of the

four requir shi ftg bei res ive tp one of the.four clogk.pulses of

the associ atq%d bi t "’I’ré“qu%loe‘fvgﬁo .néjfs%lm - ?1 88"-?11?%?":“ thﬁp?)'ﬁi’ilf‘&*ggr -

~transm tti ngtephinql ydesudne ystepdef adwtonatieally espoptisoYeing t he binary
val ue of a dgta bj CUE T j K. it t] | ' a rat us

.'conprising:q‘g‘e Jﬂéuég:&Frééﬁ%;é%éké%é%gigg%%géﬁééﬁéedggghb?ﬁgfor provi di ng
ca tripl e-r amagnitafde mhdbnrecegieetbt igitakd val ue at 't he begi nning and

end of gach bit tine interval and having a maxi numwvalue, greater than the.

pre- determ ned val ue, preceding a mninumval ue, |ess than 10 t he

predet er mi nd@ val udt Bathed aoeonding ke anycpng| of f ther C1aimpj faty

condition i 42 e HdrNSSRIA ESh BNk H@VsEEpt B PaRdDpasYabuecereagdi ng the

maxi num val ye within the bj.t tijnme jnterval .if a secgond bi pal conditionis

to be transiie GECehied $1anat brion, ngrsqe%wm?ewﬂgu?a%esi ving the

. step (IIIa). : . o _

5>

10 ; o
14, A method according to any one of the Claims 6 to
13 further comprising the step of softflimiting the
amplitude of the receive& signal prior to frequéncy-
. demodulating step (IIIa).
.15

15.  The method of Claim 6, wherein converting step
(Ib) comprises the steps of: providing'each of a
blurality of binary data bits in each successive one
of a plurality of bit time intefvals; providing a clock
20 signal having four substantially equally spaced pulses
' 'in each bit time interval; providing a.four-stége shift
register; loading the'binary_valqe of each successive
data bit into the second and thira stages of the shift
_ register responsive to a first one of the fouf clock
25 - pulseé'in the bit time interVal_aSsoeiated with the
j' déta bit being sent;'ldading}the'ihverse'of that binary
" value into the first and fourth stages of the shift
' 'register responsive to the same first clock pulse of -
' that bit time interval; and serially shifting the
305-conﬁents of all fqur shift register stages from the.
' shift register; with each qf_ihe four required shifts
being responsive to one of the four clock pulses of the
. associated bit time interval. . ' |

35
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tfiple-ramp waveformfor providing a carrier waveformat a predeterm negd o
y frequency responsive to receipt of said predeterm ned value at the

¢l input and havi ng .an instantaneous frequency differing 20 ,-from -
/center frequency responsive to the instan- taneous value of the

triple-ranp waveform 17. “The apparatus of O aim 16, wherein the .
-carrier providing nmeans is a voltage-c®¥htolled oscillator 25 havi ng -sai d
control input and an output at which is provided a waveform havi ng an Il

i nstant aneous frequency controlled by the instantaneous val ue of the
wavef orm at sail@-cont r dipna@hus For  tmnsmitihegappahirosforqeearcir17,

wherein the 0sgllihal®ed ¥HrE i dr SBEHEYsive 0ot BRe ObERErPf vA2HeKbE 219.
The apparatus .of Caim 16, wherein sal d apparatus al so receives four data
cl ock pul ses wigfran bddciPafurring. in e Pht kB¢, 1nkareald theple-ranp -
‘wavef orm provi dippa rERAs ddidridesiga four-stage shift register with each
-39- stage having an input, and havjing a regi ster oytput, .sai.d shift
register Raving a fir sttt rotCThptl f?ﬁc?oégPﬁﬁyiﬁ?gaegéﬁ £PZge the

bi nary val ue comroaiindhgnta ttreip IwutanpewavéfommdhAainggaapsedendradniedo

fromsaid reg dEarents eefd{fe ERACRhS 8F b8y BER, SERE LaRANC: o

* bit in each bi and lavingra/agxibeun valge,igpeaterabbabethe prverected to
~ the second andd%@é?%fﬂﬂ&tvifﬁgftﬁgeééhinétQgﬁihﬂﬂuﬁsﬁalue,_less than
' 10 .the pfedetermined value, within the bit time interval
if a first binary condition is to be transmitted and
having the minimum value preceding the maximum value
within the_bit time interval if a 'second binary
~ condition is to be transmitted; and. i
'15 means having a control input reeeiving the
triple-bamp waveform far providing a carrier waveform
at a predetermined centre frequency responsive_to
receipt of said;pfedetermined value at the control
input and having an instaﬁtanecus frequency differing
20 from said_center frequency'responsi#e to the instan-
taneous value-df:the triple-ramp waveform.

17. ' The apparatus of Claim .16, wherein the carrier
providing means is a voltage-controlled oscillator

25 having said eontrol'ihput and an output at which is
pro#ided a waveform having an instantaneous frequency _
controlled by the inStantanéous'value gf the waveform -
at said control input. |

30 18. Tﬁe appafatus of Claim 17, wherein the oscillator
center frequency is oh'thé order of 150 KHz.

19. The apparatus df’Ciaim 16)¢wherein said apparatus
also receives four data clock pulses within each bit
35 time interval, and said triple-ramp waveform prbviding
means includes: a four-stage shift register with each

LT



means for inverting the value of a binary data bit presently presented a
the data input means for presentation to the first and fourth shift

-4 egister stage input; 15 - second input nmeans for receiving the
‘data cl ock pul ses; said second i'nput neans bei'ng connected to the second
shift register control input; means for -applying the first, data cl ock ~
pul-se received at said second input-ngans,. in each bit tlne 20 I nterval,
tig -sai d shift register first control input; and means for integrating the
out put of the shift register to obtain the triple-ranmp waveform 20. The

appar at us ofs@agsnhﬁking%&nenmpsa¢dandrhaviﬁg acbegkspabseu&m@twlng nmeans -

is a divide- e.a t 9, further
conpri si ng neans cou ei?%%&meen g P?gé?s 8n9; ?Iih a#d Pﬁ
i ntegrating m&ﬂﬁ;ﬂguﬂntQCﬁa%ml$t$$g the béverYBMalusfcphéaQMEﬁtaﬁegister

waveform 22¢pe. 1ﬂBK%E¥HE¥éBﬁS ald ﬁl@iﬁ%lg sEHBhHeEoﬁQ?Bﬁ'ih geans
coupl ed between sai d ntegratln means and the oscillator neans for. varying

the anpbit udd o3t S8fElaglsly - ?hifﬁ%ﬂﬁaﬁBGWQQBFSPﬁF of the foyr regipmter

appar at us ofg@ggdg:¥hoﬁtggf@rr§ PEeBi pALPRBAS coupled bet ween t he
B i e R R MO AN,
appar at us- of bdtaiin el witetimeonpntervgl; said first input means
being connected to the second and third shift register
10 stage inputs; | : _ _ '_
' means for 1nverting hhe value of a blnary data
bit presently presented at the data input means for
presentation to the first and fourth shift register
stage input; _ _
15 second input means for receiving the data clock

-pulses' said second input means being connected to the
Second shift register control 1nput
means for applying the flrst data clock pulse
recelved at said second input means,. in each bit time
20 1nterval, to said shift register flrst control input; and
_ means for'integratihg the output of the shift
register to obtain the triple-ramp waveform.

. _20.- " The apparatusldﬁ.Claim 19,_wherein_said first
25 “elock pulse applying meaps is a divide-by-four counter.

21, The apparatus of Claim 19, further comprising - -
means coupled between the shlft reglster output and
. "the integrating means 1nput for shifting the level
30 of the shift register waveform. ' '

22. - The apparatus of Claim 19, further epmprising
means coupled between séid'integrating means and the
oscillator means for varying the amplitude of the _

. 35 triple-ramp wavefqrm; '

—_— .
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means coupl ed bet ween the anmpl i fyi'ng and oscillator neans for shlftlng the o
e of the triple-ranp mavefornlapplled to the oscillator nmeans conttol

10 25. Apparatus for recovering the binary value during.a bit

e/ interval of a data bit- transmitted as a chirp frequency-nodul at ed

: ier, conprising: input nmeans receivilfgy $he chirp-frequéncy- 15
nodul at ed signal, the instantaneous . frequency of the signal having a

~ predetermned centre frequency at the beginning and end of each bit tine
interval and hagi.ng a Mive mppardtues of cGlzimtd2ap fuetherdedmprisedgyval ue,
precedlng am | I n 2 W t hin

the tine, |nter@a g}%g |réiq§§ﬂ§$398%ﬂ§|¥m§9f%§£%% ggdrg%%¥$g§%and havi ng

t he n1n|nun1vamsen@r&@ﬂﬂ&ﬁ}ﬁﬂﬂpan$h¢n##weluefmthhlhrihbeeranpuwaeeﬁarmuf a

second bi nary SB?‘i'ﬂe'dortd %h@'d@biﬁf‘e@&dﬁdmeé@é”éoﬁ{?{-oirEHP&ECY demodul ating
the signal 25 at said input means and providing an output signal having a

magni t ude Pesponsive to the instantaneous frequency of the received signal;
geanz }‘or i nt eguat i ng, O'Imd k prRaRends t@ftcn@lmth? Oﬂapuhefvlh g8abrebihBe -
enodul ati ng neans;. an 0 aring-the. iptegrating
Toans ot put WEERTS AEHELEhETtRan (OB KL ERLRE AlfyOFSbLaERR, he dat a
bit encoded onmehasf rfoqueqmum\:glltaieou.mller trectyepletrampdwanpforaeans

~-during each b'%p%ﬁ?%d'QFepﬁe oscillator means control 1nput.

10 .

25. Apparatus for recovering the binary value during
a bit time interval of a data bit transmitted as a chirp
frequency-modulated carrier, comprising. '

' input means receiving the chirp-frequency-

15 modulated signal, the instantaneous frequency-.of the
signal having a predetermined centre frequency at the
beginning and"end'of each bit time interval and having
a maximum'value, greater than the predetermined value,
preceding a minimum value, less than the predetermined

20"value, within the time interval if a first binary
condition is beihg received and having the minimum
value preceding:the maximum value within the time
interval if a second binary condition is being received;

' - means for frequency demodulating the 51gnal ;

25 at said input means.and providing an output signal
hav1ng a magnitude responsive to the 1nstantaneous
frequency of the received signal;

means for 1ntegrating, with respect to time,
the output SLgnal of the demodulating means; and
- 30 means for comparing the integrating mearis _'
output with a reference level to obtain the binary
vaiue of the data bit encoded on the freduency-modulated
carrier received at said input means during each bit

_ time interval. ' '

35

—_—

LLLT TR



o - Al - 26. The apparatus of C aim25, further conprising neans for
recovering a data clock waveformfromthe integrating neans output.. 5
A27. The- apparatus of C aim 26, wherein the clock recovering means
" includes nmeans for full-wave rectifying the integrator means output and
means for conparing the rectifyiing neans output. with a threshold level to
Lecover a cl ock ‘wavef orm having a single pulse during each bit 10 tinme
nterval . 28. The apparatus of G aim 25, wherein the frequency--

- denodul at pgg Wean%hens'p&sq?@tesof&sma%@slmt@& Smprisinghe apparat us
of Claim?25, further conprising nmeans for npllfygﬁg %pghnage ude of the :

recei ved §P§ﬁ§|fﬁrlBPGPUeFﬁ@@UénéFQﬁyﬁiﬂRKuW%ﬁﬁ appar at us of
.Claim 29, 1ﬂhgéghﬁl§glﬂeags dWpdtyi ng neans is adapted for automatic gain
control. 31. Appar at.us according to any one of the Claims * - 25 to
30, further including neans for soft-limting the anplitude of the received
signag pr2oc to fTaeuapparatusiefbdilaain @6, %ereinAp@araluekaccordl ng to
any one of S '
a0 one ofeh6eE1kBeanl 4t 4 e L SHO0 SE03. Lok beosngss
met hod fothEranbﬂgramng1M§amsyuntnntn&nd|mﬂawsa§0hec@mnadeesrtbed mnth
reference c A paL a ordlng
rk8Li2G 13 @Ja@%“alo[a& puft WeHS dresifola 1eyEPPRSaLUSoREE

to daim as herel n descr erence to the
acconpany&nglackwwayeform having a single pulse during each. blt

10 time interval.

A

28. The apparatus of Claim 25, wherein the frequency-
demodulating means includes a phase-locked loop.

15 29. The apparatus of Claim.ZS;-further comprising

means for amplifying the magnitude of the received
signal prior to frequency demodulation. '

30. . The apparatus of Claim 29, wherein said
20 'amplifying means is adapted for automatic gain control.

31.  Apparatus according to any ene of the Claims
' 25 to 30, further including means for soft-limiting
. the amplitude of the received signal prior to frequency
25 demodulation. : -

32, Apparatus according to any one of the Claims
- 25 to 31 further comprlsing means for bandpass filterlng
the received signal prior to frequency demodulation.

30 - - o . .

' 33. A method for transmitting ‘'data and substantially
as herein described with reference to the aceompanying
draw1ngs.

- 35 -34; ' Apparatus according to Claim.16 and substantlally

as herein described with reference o the accompanylng

rauings. i I!llllj Illllj.llljl L




42 -35. Apparatus according to Claim25 and substantlally as hereln-s..s =&
desE?ibed with reference to the acconpanying draw ngs. 10 15 20 25 30 ° 35

- 42 -
- . '!, AN
| | d
35. Apparatus accordlng to Clalm 25 and substantlally

as hereln described with reference to the accompanying
drawings.
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