METHOD FOR HARMONI C NUMBER DETERM NATION I N A NICRCMAVE FREQUENCY COUNTER
Field of the Inventlon This invention relates tofinstrune %g ngasuri ng

t he frequency of a mcrowave-&ignal and, nore partlctll arlgé Qand -
apparatus for accurately deternlnlng the harnoni ¢ nunber in a mcrowave .
frequency counter that utilizes harmonic heterodyne conver si on. Background tﬁ
of the Invention Frequency counters are 4ligital instruments which nmeasure
the frequency of an input signal. TypicalTy, the input signal operates a.
digital counter. In one counting technique, the count accunulated in the
counter during a known tine interval- represents the frequency of the input
signal. In an alternate counting technique, the tine interval required to
accurul ate a predeterm ned count of input sigmat cycles is reasured. The .
upper frequency limit for operation of digital circuitry is on the order of
500 MHz. In order to neasure the frequencies of input signals above 500

Mz, it -is necessary to down-convert the input signal to a -2- | ower,
frequency prior to frequency measurenent. Down-conversion techni ques

i ncl ude prescaling, heterodyne conversion, use of a transfer oscillator and
har noni ¢ “het'er odyne convérsion. O 'these - :

- METHOD FOR HARMONIC NUMBER DETERMINATION IN
A MICROWAVE FREQUENCY COUNTER

Field of the Invention _ .
This invention relates to instruments for’ ("

measuring the frequency of a microwave signal and,

more particularly, to methods and apparatus for

accurately determining the harmonic number in a

micrc vave frequency'counter that utilizes harmonic

heterodyne conversion.

Backaround of the Invention

Frequency counters are digital 1nstruments which
measure the frequency of an input signal.
Typically, the input signal operates a digital
counter. In one counting technique, the count
accumulated in the counter during a known time Qy
interval represents the frequency of the input
signal. In an alternate counting technique, the
time interval required to accumulate a predetermined
count of input signal cycles is measured. The upper
frequency limit for operation of digital circuitry
is on the order of 500 MHz. 1In order to measure the
frequencies of input signals above 500 MHz, it is
necessary to down-convert the input signal to a




t echni ques,, harnonic Heterodyne conversion is preferred because the nunber
of “m crowave conponents is mnimzed, and neasurenents can be made up to 40
gi gahertz. The harnoni c heterodyne converter utilizes a programuabl e | ocal
oscillator which provides a local oscillator frequency that is nmixed with

t he< i nput sngnaf in a sanpler. The output of the sanpler is an internediate
frequency that is conpatible with a=didjital frequency counter. The | ocal
oscillator frequency is varied until an output of the sanpler falls within
the internedi ate frequency range. The frequency of the input signal is
conput ed frcﬁnﬂémafmaquensgiptéonrtbrﬁqeguegctheaseaemead.internediate

frequency a é§§1 &hnaﬁﬁe%aiﬂgfﬁ&egﬂgggéaiﬁ&at|f|es t he

har noni ¢ of e Io osc I'S” M Xé {nput signal to
produce the hﬁﬁ%ﬂmw@m@q%bﬁ%y usenef ahtranstereasailbletefuency can be

in either a%d&”ﬁ%rﬁ&&?@@ﬂét@fo @“@6n§é9§9@ﬂd fEoENegsENt S are taken at

t wo closely ced | ocal_  oscil or freguencies in order to determne both
the harnoni & %ﬁwihﬁ%m%PH%bBﬂHef ® ePRYBLRIINi HSwhich the
b nt er nedi at @dfgfEpicst \bécah9s athd. ndtibe £led £l Godw Ve Ofodiponionts nunmber in

B e & L
. - gigahertz.

The harmonic heterodyne converter utilizes a
- programmable local oscillator which provides a local
oscillator frequency that is mixed with the input
signal in a sampler. The output of the sampler is
an intermediate frequency that is compatible with a
digital fregquency counter. The local oscillator
frequency is varied until an output of the sampler
falls within the intermediate frequency range. The
frequency of the input signal is computed from the
local oscillator frequency, the measured
intermediate frequency and a harmonic number. The
harmonic number identifies the harmonic of the local
oscillator which is mixed with the input signal to
produce the intermediate frequency. Since tae
intermediate frequency can be in either an upper
sideband or a lower sideband, measurements are taken
at two closely-spaced local oscillator frequencies '
in order to determine both the harmonic number and
the sideband (upper or lower) in which the
intermediate frequency is located. :

The determination of harmonic number in the
harmonic heterodyne technique is subject to wvarious
errors. Since the harmonic number can only be an

C



integer, an error less than 0.5 is not significanﬁ, and rounding to the

near est int

0.5 produces an erroneous harnoni c nunber and causes a significant error in
t he nmeasured m crowave frequency, A mcrowave frequency counter can be
utilized to neasure the frequency of hoth continuous wave and pul sed

In the case of 5U@%éd m crowave signals having very
short pul se durations, down-conversion of the mcrowave signal results in

an internediate frequency pulse of only a few cycles, Such pulses are
AT e AN cBFEPL LRSS othal QndrisS oRE SATRARICARE, Errors in
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pulsed microwave signals. In the case of pulsed
microwave signals having very short'pulse durations,
down—-conversion of thejmicrowa?e-signalgresults in
an intermediate frequency pulse of only;a_few
cycles. Such pulses are subject to measurement
error due to the short obsetvation;time,_ Errors in
harmonic number determination can also arise £rom
frequency and amplitude variations of the input
signal, and from other sources. It is desirable to
provide a microwave frequency measurement technique
wherein errors in harmonic number determination are
minimized or eliminated. o o

It is a general object of the present invention
to provide improved methods and apparatus for
microwave frequency measurement. . |

It is another object of the presént invention to
provide methods and apparatus for accurate microwave
frequency measurement. ' o

It is a further object of the present invention
to provide methods and apparatus for correcting
errors in harmonic number determination in a
harmonic heterodyne converter.
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4 The present invention provides a method for use in a harnonic heterodyne
converter wherein the frequency of an input signal is determned froma
local oscillator frequency,..an intermediate frequency obtained by m xing
the 5 local oscillator frequency with the 4 nput sighal, and a harmonic
nynpber, the method deternining a generalized har noni ¢ nunber H and

conpri si ng t he steps of: conputing an estimated generalized harnoni ¢ nunber
[err] 10 from cl oprey pyesesit finvwntaioh sproviidescal mehtidd afar Gsequiana es

[err] and first [ r d

successi vel y Eﬁ%‘glé gggrPQ&ﬁe sn?ce%rgc?rrleoca#}céoﬁl%ﬁat %Fgat’gﬁ‘% ngll}gsanvm th
t he input si ginput 15539hs&t| i@ a defiexmined| frew| | at oRoradquesailatqr
such that thee efn%ﬂgmeéﬁ@aiaeé £ipé rwminéﬁ E&fﬂﬂ Feopaum
the estimte arnoni ¢ _ nunb ernln |nte ﬁ 5%
measuring 2 tHPFH i RESIitdAtAT ﬁ"% %T‘\El/’ P’é‘r‘iﬂ Ub?a fg y 8P8 third
| ocal ;)sgi | aﬁa)f;réngquambur; h tihe imgthodi giatez;]mhm:@ a genenalkizeda
correcte ge ralize r A ro nd third | I
oscillator fr 3’6?8%‘8%% p‘%gg?hg Eﬁgb? éﬁ% %ﬁ}'?d%tet fg freq:Jrenm gcsza
The invention also provides a method for use in a 30 harnDnlc het er odyne

converter wherei nchAgukh AgUEHCYsCindfed YuHerd % Hardfrfidnigber’ BT 2

l.ocal oscillator est
10 from closely-spaced first and second local oscillator

frequencies f,, and f,, and first and second intermediate
frequencies f£;, and £, obtained by successively mixing said
first and second local oscillator frequenciés with the input
- signal;
15 |
selecting a third local oscillator frequency f,, such
that the corresponding generalized harmonic number H3
differs from the estimated harmonic number by a
predetermined integer, k;
20 '
measuring a third intermediate frequency f,, obtained by
mixing the third local oscillator frequency ﬁith the input
signal; and

_ 25 computing a corrected generalized harmonic number H1_..
o from the first and third local oscillator frequencies and
the first and third intermediate frequencies.

The invention also provides a method for use in a
30 harmonic heterodyne converter wherein the frequency of an
input signal is determined from a local oscillator
frequency, an intermediate frequency obtained by mixing the
local oscillator frequency with the input signal, and a
‘harmonic number, the method determining a generalized

35 harmonic number and comprising the steps of:

computing an estimated harmonic number from closely-
spaced first and second local oscillator frequencies and



frequency, an internediate frequency obtained by mxing the |ocal

oscillator frequency with the input signal, and a harnonic nunber, the .
nmet hod determ ning a generalized 35 harnoni c nunber and conprising the

steps of: conputing an estimated harnonig nunber from cl osel y- spaced first-
and second | ocal oscillator frequencies and 5 first and second Nt
I nternmedi ate frequencies obtained by successively mxing said first and
second | ocaimstei ldral orsdomiienaitearmediatdec frgmierxtiesl ;ottained sahyect i ng

third and fqQur 0S¢ t QL < fir cies - Qqducs i mg! e
f requenci es&v‘t' %%%%%I?%%%&égéééggggggt hglas%%e ngqrr%#gl rf_{ugr%r as the
esti mat ed Ifaremuenciesieithnthehinputesdgnally spaced; 10 measuring
third and fourth internmedi ate frequenci es obtained by successively m xing

the third and fourth lLocal o¢scillator frequencjes with the iPngut si gnal ;
and conpriti ng SeLPFELRIJtRLIRA and ARurth 3l QR I EBFTIRNEIRT d and
fourth | ocalhatscprodtoe fintenmediateantréduendies withinuain dXiewamIéate

het er odyne ERUTHRL T, i, e, Heram £ Hiosts b Wl edind i SR E™" ©
det er m ned numker and|that avecwidedyr spacgdency, an internedi ate frequency

obtai ned by mi xing the local oscillator frequency with the input signal,

and a harnoni ¢ nunber, the nethod determ ning, a generalized harnoni c nunber
and comfi si ng PARSYYipY cthird and fourth inteérmediate frequencies

obtained by suc_cessively ‘mixing the third and fourth local
oscillator frequencies with the input si_.gnal; and
_ compui:ing a corrected generalized harmonic number from
15 the third and fourth local oscillator frequencies and the
third and fourth intermediate frequencies.

The invention further provides a method for use in a
harmonic heterodyne convérter_wherein_the_frequency of an
20 input signal is determined from a local oscillator
frequency, an intermediate frequency obtained by mixing the
local oécillator frequency with .the input signal, and a
harmonic number, the method determining a generalized
harmonic number and comprising the steps of:
25 , o | |
computing an éstimated harmonic number from closely- o
spaced first and second local oscillator frequencies and
first and second intermediate frequencies obtained by
sucéessively mixing said first and second local oscillator
30 frequencies'with'the input signal;

when the estimated harmonic number is equal to or
greater than a predetermined value, '

35 selecting a third local oscillator frequency £03
such that the corresponding generalized harmonic
number N3 differs from the estimated harmonic -
number .by ‘a predetermined integer, X;- '



conputing an estimated harmoni c nunber fromclosely- spaced first and
second | ocal oscillator frequencies and first and second internedi ate
frequenci es obtained by sucgessively mxing said flrst and second | ocal-

osgi | | ator

30 frequencies w the input s gnal; 1¢n the estimated

haf oni ¢ nupber i s equal toor greater than a predetern1ned val ue, 35
selecting a third local oscillator frequency [err] such that the

correspondi

ng germamzmlghaanortmmmmtéﬁneﬁidtﬁs frequeheyesti yat ed

har nmoni ¢ nunber r h|rd

I nt er nedi at e frgﬁﬂ%%c ? rﬁgdﬁgi anﬁrd tgeggg c%#§@%§%%é0|llator
frequency with tHe qmemcxlghhh thﬁdlapu sxgnﬁgatlngda corrected
generalized harmonic nunber fromthe first and third local oscillator

frequenci
when t he

and the first and third t er mredi at,e frequenciges; and 10

ti mat SPTRYHHRT canGRbEEC t? genenzdized, niF RYmber ue,

sel ecting fourth fawinfi the | ctirsbscindat othir@qu&:waas t&@é:f.]?lﬁﬂ@ﬁe
i nternedi ate fre [ a . Jande o e, same
har noni ¢ nunber as e ES%IHB e réh#h%g% %bgwﬂ§%%% GrRe %E?y

spaced; neasunrufﬂ@ﬂnemcamﬂ,flanﬂ I nternmedi ate frequencies 20
obt ai ned by successively mxing the fourth and
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when the estimated harmonic number is less than a
predetermined value,

selecting fourth and fifth 1local oscillator
frequencies that produce intermediate frequencies
within an allowable range of the same harmonic
number as the estimated harmonic number and that
are widely spaced; |

measuring fourth and fifth intermediate frequencies
obtained by successively mixing the fourth and
fifth local oscillator frequencies with the input
signal; and

computing a corrected generalized harmonic number
from the fourth and fifth 1local oscillator
frequencies and the fourth and fifth intermediate
frequencies.

_ The invention also provides a method for use in a
harmonic heterodyne converter wherein the frequency of an
input signal is determined from a local oscillator
frequency, an intermediate freguency obtained by mixing the
local oscillator frequency with the input signal, and a
'harmonic number, the method determining a generalized
harmonic number and comprising the steps of:

computing an estimated harmonic number from closely-
spaced first and second local oscillator freqguencies and



fifth local oscillator frequencies with the input signal; and conputing a
corrected generalized harnonic nunber 25 from the fourth and fifth
local oscillator frequencies and the fourth and fifth internediate _
frequenci es. The invention also providesa nethod for use in a 30 harnonic ..
het er odyne converter wherein the frequency of an input signal ts determ ned,
froma local oscillator frequency, an internediate frequency obt ai ned by

m xi ng the Ifd&st oagid I aaﬂortd edudrermed itdt e héneqnﬁncsigmalqbtmdmai hagyoni ¢

nuher | e ddik (A ity e 8f8CE 2hbECdnd E@:ro%ml%c@i”%gcﬁlﬁbﬁor

conprising the ste an est |na arnoni ¢ nunber
clggely gp 4%&3§UHPEECEMQ }eRE éégpﬁﬂator frequencies and
first and second |nterned|ate frequenci es obtained by successively n1X|ng

d f d s |l ator fr ci es h_the input signal; 5
RS Rl < R G iPeadc At Rter s sracmanmins
relatlonshlﬁhatthnwﬁsalMNnnnrmﬁh@hlonshmpemaﬂthéhesttmateapmmiﬁdhlc
i nt er medi at gufrifAveBnaeStihth ot PEs} 8}18”\?‘6’ ?Enet %gg,%&%fqé%e 2

converter; 1Q measuring ingermne |ate req uenC|es ot
the wi del y- ¥3&hdd |%|1W¢%%#efféaqeﬁacxsbmdhoﬁwhenp@mvarg:m,, “and
conmputing a corrected generalized harmoni c nunber from 15 the wi del y-spaced

| ocal °3% lll at Orméa{se Oi:ufr%':l g%tg%ealgte frequencies obtained by mixing

the widely-spaced local'oscillator.frequencies with the
input signal; and

computing a corrected'generalized harmonic number from
15 the widely-spaced 1local oscillator frequencies and the
corresponding intermediate frequen01es.:__-

The invention further provides apparatus for
determining harmonic heterodyne . converter wherein the
20 frequency of an input signal is determined. from a local
oscillator frequency, an intermediate ffequency'obtained by
mixing the local oscillator frequency'with the input signal,
and a generalized ' harmonic number, said apparatus
comprising: ' |
25 _ . :
means for computing an estimated generalized harmonic e/
number Hl,,, from closely-spaced first and second 1local
oscillator frequencies f5; and f,, and first and second
intermediate frequencies f;,, and R IT R obtained by
30 successively mixing said first and second local os0111ator
frequencies with the input 51gna1, h _ : L

means for selecting a third local oscillator frequency
fo3 such that the corresponding generalized harmonic number

35 N3 differs from the estimated harmonic number by a
predetermined integer k; ' '

‘means for measuring a third iﬁtermediate fréquency fis



correspondi ng internedi ate frequencies. The. invention further  provides
appar at us for determ ning harnoni c heterodyne converter wherein the 20
frequency of an input signak.is determned from a.l.ocal oscillator
frequency, an internedi ate frequency obtaigned by nixing the | ocal

oscillator frequency with the input signal, and a " generalized harnonic
nunber, said apparatus conprising: 25 neans for conputing an esti mated
general i zed ledbadmesl lynidofiey theothitdskbgalk pesrd fatoxt faeduercynwilthcal
oscillator fuq | an hrst and second internedi ate

frequenci es [%%ﬁ%ﬁi%ﬁ#g%y g%ﬁguccessi vely mxing said first and second
| ocal oscillator frequencies with the input signal; means for selecting a

third local oscilhed®s FopdussiiputBid ] astorriditied NferwérFd EEPEDIhBS#monic
generaliz fro est imat ed ar noni c

“har noni c_.nunber, 35 1 ffers t .
number b :P"d‘%fetg rraed 5 §BP ,1F%tan§npop%'ﬂ§5§ur]i9ﬁ‘]a pRFidlator
i nt er nedi at e freemencies erand  8hebt afpegtby an&ki nghilkd t hihdekaediate

oscillator fr {th the input signal; and neans for conputing a
corrected'geggggq%ﬁgﬁgéﬁnnnic 5 nunber [err] fromthe first and third

| ocal oscillator frequencies. and the first and third interneqiate
frequencies. The tyyedhi@Rt3ba0 alseY R A Hpitrd Qs IebE" BetePRining

10 a harmonic heterodyne converter wherein the frequency of an

input signal is = determined- from a . local oscillator
frequency, an intermediate frequency obtained by mixing the
local oscillator frequency with the input signal, and a
generalized harmonic number, said apparatus comprising:

15 | |

means for computing an estimated harmonic number from

closely-spaced first and second local oscillator frequencies
and first and second intermediate frequencies obtained by
successively mixing said first and second local oscillator

20 frequencies with the input signal;

means for selecting third and fourth local oscillator
frequencies that produce intermediate frequencies within an
allowable range of the same harmonic number as the estimated

25 harmonic number and that are widely spaced;

means for measuring third and fourth intermediate
frequencies obtained by mixing the third and fourth local
oscillator frequencies with the input signal; and

30
means for computing a corrected generalized harmonic
number from the third and fourth 1local oscillator
frequencies and the third and fourth  intermediate
_ frequencies.
35

The method provides a reduced likelihood of error in
determining harmonic number in comparison with prior art
techniques. In preferred embodiments of the invention, the



- 10 a harnoni c heterodyne converter wherein the frequency of an input signal
Is determned froma |ocal oscillator frequency, an internedi ate frequency .
obt ai ned by .m xing the | ocal oscillator frequency with the input signal,

and a generalized harnonic nunber, said apparatus conprising: 15 nmeans for ..
conputing an estimted harnonic nunber fromcl osel y-spaced first apd secondy
| ocal oscillator frequencies and first and second internedi ate frequencies

?bt ai ned by extroresis \mlmimiz@dlgo;s@ﬁoﬁ‘ridﬁ?gasdllaggendebaﬁalt,_gﬁcduétqf ledn h20
requenci es t i sel ecting.third and fourt
| ocal oscil I'.l'gﬂtctgi1 f#%iu% elss ﬁgéueggge%et%ﬁt Yo AR W ed 1 ?‘qugﬁ'ﬁé’é'%%l n
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i nt er medi_at e.frequenci es obtal ned mxin _ I'rd
oscillatd FLo§§ s&a‘ﬁq h ¥eral np‘{ﬁ"%} Pr fHeguensins f whisbnpaxieng a
corrected guhé.ﬂ.é.lzeziecfdrard@hemmumhgr af lcuBrditddi éﬁnéﬁﬂliﬁé&t Ba!rﬂﬁﬁhc

osci |l | at or cie nedi a
f requenci es. E@g e metho B'CLpr owlcf’e'i rfe%rﬁ?is'}? kg?f’hﬁbguﬁf 18, PGlllllﬁed
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preferred eﬁﬁQQbW@bﬁﬂq@%é U080 £4F lowgharmonlc numbers.
10

In the .pre_ferred embodiments, an estimated harmonic
number is initially computed from closely-spaced first and
second local oscillator frequencies and first and second :;
intermediate frequencies obtained by successively mixing

15 the first and second local oscillator frequéncies with the
input signal. The first and |

O



error .irs mnim.zed by providing a | arge separatioﬁ'betmeen | ocal oscillator
frequencies that are used in determ ning harnonic- nunber. In a broad sense,
this involves the steps of determ ning an esti mated .harnoni ¢ nunber
utirlizing 5 closel y-spaced .local oscillator frequencies which are
uthd i zed for determning a correct ed neral i zed harnoni ¢ nunber. One _
variation of the basic technique is utilized for high harnonic nunbers, and
anot her variation of the basic technique is utilized for |ow harnonic
nunbers. 10 In the preferred, epbodi nents, an_estimated harnonic nunber is
initially cdﬁ&ﬁﬂ%éif)QﬁﬁCP§§él}aEBECEHeEP?§F18ﬁda§€cBﬁGWPocépdosc|IIator

frequenci es iyl first and second intermediate Eregueneies abeai ned by
succe55|velé5?1X| 15 the first and second | ocal oscillator frequencies

with the in The first and second | ocal oscillator frequencies
are known, andiﬂheﬁlthé asdlmeteddhanmenhednambefrEqugaeaearare measur ed.

~When the esty h p ed value, a
third | ocal osmi%téygéﬁﬁ%fﬂgﬁ%§e?%i§% ?ggiré ggfﬁétgggggiﬁgh?c nunber .
correspondl@gquﬂnﬂytiﬁr%Bl%@bﬁdosuthlGhat arbgomonjcdnfimbes from t he

esti mat ed -hygpyd dﬁg@ﬁg r r n general, a
di fferent h&%anlc nunber‘Q%dEh@d???gg fbeggdgﬁgﬁgfégﬂkbe selected

Typi cal |y, QRﬁQﬁ%Nﬁ1¢§§%®nf%°%uﬁ®%re%ﬁﬁm§ﬁ€dSBhEmQPHEbEHGbQFe sel ect ed.
A third by a predetermined integer. 1In general, a different

harmonic number and a different sideband can be

selected. Typically, the adjacent harmonic number
St ~ and the same sideband are selected. A third -
intermediate frequency obtained by mixing the third
local oscillator frequency with the input signal is
measured. Finally, a corrected generalized harmonic
number  is computed from the first and third local
oscillator frequencies and the first and third
intermediate frequencies.

When the estimated harmonic number is less than
or equal to the predetermined wvalue, an alternate of
the above-described technique is used. The
estimated harmonic number is determined in the
manner described above. Then, widely-spaced third
and fourth local oscillator frequencies are selected
that produce intermediate frequencies within the
allowable range at the same harmonic number as the
estimated harmonic number. Preferably, the step of
selecting the third and fourth oscillator
frequencies includes the steps of computing a local
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har moni ¢ nunber is conputed fromthe first and third | ocal
frequencies and the first andiihird internedi ate frequencies.
ti mated harnmonic nunber is less than or equal to thé .

Yiadenhd tmlge@hggaoweh A QG Ld %q{lﬁgagle?g&%,af&d

at_produce, I ntermediate frequencies wthin

C ting a | ocal osc¢i | or centre f.r consj.st ent

R PR # CrRRREr AR heR EE PADERAY G AL S SRR cy BT,

intermediate frequencies.

Preferred embodiments of the invention will now be
described with reference to the accompanying drawings, in

which:

FIG. 1 is a block diagram of a haj:‘moni_c 'hetero_dyne
converter; '

FIG. 2 is a flow diagram illustrating harmohid number

determination in accordance with a preferred embodiment of
the present invention; |

FIG. 3 is a flow diagram illustrating harmdnic number
determination in accb:dance with an alternate embodiment of
the invention; and ' '

FIGS. 4A and 4B are graphic fepresentations of a

segment of a frequency spectrum showing the frequencies
associated with the embodiments of the present invention.
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Preferred enbodi nents of the invention will now be described with reéeference

to.the acconpanying drawings, in 15 which: FIG 1 is a block diagramof a

har noni ¢ heterodyne converter; 20 FIG 2 is a flow diagram

i | l,ustrating harnoni c nunber deternlnatlon in accordance with a preferred
enbodi nent of the present invention; FIG 3 is a fliow diagramillustrating
harmoni ¢ nunber 25 determi nation in acc ﬁdance wth an alternate enbodi nent

of the invention; and FIGS. 4A and 4B are graphic representations of a
segnent of a frequency spectrum showi ng the frequencies 30 associated with
the enbodi nents of the present |nvent|on Detalled Description of the

-’v(.; eCh esCrniphlo

| nvention A B 8i@B converter i's shown in

FIG 1. An inpuj shge d‘ifa#'ﬂﬂ‘@@dc MRS Ih‘étfdm donvasietdrput of a
sanpl er/ harmoni ¢ _.m xer

he_ out put , of | pcal 12 is coupled
through a sahf YR AR BEGt ola ohBPY pﬁfgﬁ?lsaﬁpngnfﬂn The | oca
oscillator 1$reduéﬂby51s.supglheﬂabbeoﬁeeqnpntyoﬁyatheS|zer supplies a

maveforn1to | ! culﬁfé)ré?ﬂyégél % ¥30t|@ﬂ§ g§t€?gaégn ithler and

produces at requenci es ated to_the input
si gnal frequessikiaton 1he1$oeeﬁpb§@|Fhﬁ?@ghf%eﬁﬁEHé9raﬁ61VF§ R4r noni cs.

One output ofeSYMU&ENE iRpELUSE C8ahplerdfioan the local
oscillator 12, which is a programmable frequency
synthesizer, supplies a waveform to sampler 10.
Sampler 10 functions as a harmonic mixer and
produces at its output intermediate frequencies (IF)
related to the'input signal frequency and to the
local oscillator frequency and its harmonics. One
output of sampler 10 is coupled through an IF
~amplifier 16 to a frequency counter 18. - Another
output of IF amplifier 16 is coupled through an IF
detector 20 to a microprocessor 22. The
microprocessor 22 controls operation of the local
oscillator 12 in response to the output of IF
detector 20. The computations described hereafter
are programmed into the microprocessor 22, so that
the harmonic number is determined automatically when
a microwave input signal is applied to the sampler
gB; 10. An example of a harmonic heterodyne converter
is included in the Model 5350 manufactured and sold
by Hewlett-Packard Company.

In operation, an input signal of unknown frequency
in the microwave frequency range is coupled to
sampler 10. The input signal can be continuous wave
or pulsed. The microprocessor 22 steps the local
oscillator 12 through its range until the sampler 10
provides an intermediate '



anplifier 16 to a frequency counter 18. Another output of IF anplifier 16

is coupled through an | F detector 20 to a m croprocessor 22. The

m croprocessor 22 controls operation of the local oscillator 12 in response
to the output of IF detector 20. The cofputati ons described hereafter are , -
programed into the microprocessor 22, so that the harnonic number.is .
determ ned automatically when a m crowave i nput signal is applied to the
sanpler 10. An exanple of a harnonic heterodyne converter is included in

the Mdel $SgéQuencyf actubput avitidin yn Hevl Bdwedackpr dpgaapany. | fhe

operati on, m ve frequency -
range is c%ﬁgfiﬁgta é_ag?g ??Egﬂ%gﬁ%%gweéégggﬁﬁ d%q’a%cr}b%r 3041%8‘3? e or
pul sed. Th@lﬁi’-‘@PﬁﬁFGéé%orzzzzt%t%mPtﬁhllfteag &he |frequeni@yt bfolgicailt s -
range uslibsti1agene! ep. 10 e widemall e ity 1sl TnbhPAUBIGEea0Ut PUL
W t hin allo LE band. _ The |nterrred|§efrequency 'S

det ect ed b yd‘éf”éﬁ?ﬁr 38-and causes ni croprocessor .22 to stop shifting the
frequency of | Ohel fregpsndyatf) o2 thelhimput esigsa Bt £sfgegeaney i s then
measured by counter 18. The frequency [err] of the |nput signal is given by

~[err] 10 where [err] = local oscillator f requency,
£, =N £ +f, . | (1)
10 | N . | .
where f, = local oscillator frequency, ' |
f; = intermediate frequency, and .
N = harmonic number. o oL . @
. : . . s U
The local oscillator frequency f, is  known. The -

15 intermediate frequency f ; 1s measured by the counter 18.
The unknown quantities are the harmonic number N and the
sideband (upper and lower). To determine harmonic number
and the sign of the intermediate frequency, an additional
measurement is taken with the local oscillator frequency

20 offset from its previous value by a small amount at second
local oscillator frequency fo2- - The second '1oéa1
oscillator frequency f,, produces a ‘second intermediate
frequency f;, which is measured by the frequency counter 18.
Then the harmonic numbér N is given by |

)



“[err]: i ntermedi ate frequency, and N = harnoni ¢ nunber. The | ocal

oseillator frequency [err] is known. The 15 internedi ate
frequency [err] is neasured by the counter 18. The unknown quantities are
the harnoni ¢ nunber N and the sideband (upper and lower). To determ ne

haroni ¢ nunber *and the sign.of the intermediate frequency, an additional
measurenent is taken with the |ocal oscillator frequency 20 offset fromits
previous value by a snmall anmpbunt at second local oscillator frequency

[err] The second |ocal oscillallr frequency [err] produces a second
internmediate frequency [err] which is nmeasured by the frequency counter 18.
Then the harnonic nunber N is given by N =round [err] where [err]=
first i ntermedi ate frequency, [err] = second internedi ate frequency, [err]

= first local oscillator frequency, and [err] = second |ocal oscillator
frequency The first local oscillator frequency [err] and the second | ocal
oscillator frequ¥ney rauad||dsm) VY -SPRCEY D, | nsuf g, xhat bot (2ht er medi ate
frequencies fall within the |ﬁterne I'at e frequency band of the harnonic
het er odyne converter and relate to the same harnoni ¢ nunber. The | ocal
oscillator frequency is typically offset by 0.5 Miz. The sideband is
determ ned by the direction of the change in the internediate frequency
between the first and second neasurenents. \Wen the internedi ate frequency

where fil = first intermediate frequency,

fi2 = second intermediate frequency,
U £5, = first local oscillator frequency, and
) £ = second local oscillator frequency.

02
The first local oscillator frequency £4 and the

second local oscillator frequency are closeljhsnaced
to insure that both intermediate frequencies fall '
within the intermediate frequency bani of the
harmonic heterodyne converter and relate to the same
harmonic number. The local oscillator frequency is
typically offset by 0.5 MHz. The sideband 'is
determined by the direction of the change in the
intermediate frequency between the first and second
measurements. When the intermediate frequency
increases, the correct sideband is the lower

N sideband, and when the intermediate frequency
decreases, the correct sideband is the upper
sideband.

In an example of a microwave frequency counter,
utilizing a harmcnic heterodyne converter as shown
in FIG. 1, the input signal can be in a range from
500 MHz to 20 gigahertz, the intermediate frequency



I ncreases, the correct sideband is the | ower sideband, and when the

I nternmedi ate frequency decreases, the correct sideband is the upper

sideband. In an exanple of a m crowave frequency ¢ounter, utilizing a

har noni ¢ het erodyne converter as shown in FIG 1, the input signal can be ,
in a range from500 MHz to 20 gigahertz, the internmedi ate frequency )
‘range is 45 MHz to 95 MHz, and the local oscillator frequency range is 295
MHz to 350 MHz. This produces harnonic nunbers in the range of about 1-70.
The determ nation of harnonic nunber f6is subject to various errors. The
expression for Nincluding errors is given by N+ [err] where AN = error in
har noni ¢ nunber, and e = error in neasuring internedi ate frequency. From
equati ons (%)am(s?)ats 414 %60 bs SRR, L bl &Ze ebEQN bEchAngesEC number AN
is given by [err Is cleay ron1 Uation_ (4 t he harnoni ¢ nunber
error [err] & Q¥rﬁ%ﬁ%%d1% 299 zFRg3p zthe BFFference bet ween t he

| ocal OSCIIb@baudayuh&¥MUﬁibLﬁﬁﬁbé@g iﬁethéDrHﬁgéubﬁnﬁbb&t towover, this
requi renent con wi t h, th@ rqugrenent t hat ﬁp | ocal oscillator
frequenci es be 5*5% %f%ﬁﬂ&%ﬁ e e?afﬂ°?ﬁ§uP

subject to various errors. The expression for N
including errors is given by

’ . . - . . . .. . S
N+ AN = |f,, - £, +e) (£, - £,,)] (3) o
where AN = error in harmonic number, and
e = error in measuring intermediate
frequency. _
From equations (2) and (3), it can be seen that the
error in harmonic number AN is given by
[aN] = Je/(£,, - £55,0] (4)

It is clear from equation (4) that the harmonic
number error A N can be minimized by maximizing
£91 = £45+ the difference between the local |
oscillator frequencies used for the two
measurements. However, this requirement conflicts
with the requirement that the two local oscillator
frequencies be closely-spaced in order to insure



- 16 - that "both internmediate frequencies fall within the all owed
i nternedi ate frequency band. The requirenent for closely-spaced | ocal
oscillator frequencies is particularly inportant for:input signals at the
upper end of the frequency range. For exame, a 0:'5 Mz |ocal oscillator
. equency change translates. to a 25 MHz change where the harnonic nunber is
' In the preferred enbodi nents of the invention, the nethod for -
determ ni ng harnoni ¢ nunber reduces the harnonic nunber error while
avoi ding the conflicting requirenents rehgting to the nmagni tude of the
change in local oscillator frequencies described above. Thi s
I nvol ves the basic steps of determ ning an estimated harnoni c nunber froma
first set of S: US| s A d cal
osci |1 at or 1r oot htEbEReB13sE YRRkt rdd o FY W ECEAI SR 1o
above for det eddilowes Nintarmediatet & aguenny dandwerT@y i ncl ude errors.
Next, the esti ¥ u ' ut ' sspaced | oca
%gﬁfé.légﬁ%?cﬁog E’Q%%e'&%t-‘%o naéecpmam o}é"iﬁf& 52

oscillator frequ \ N are use e a second_set_ of nmeasurenents.
The use of thef&equAReHeRalFoRRE CAGWAT I mpeFiaty SR8 e}§PYbaced | oca

oscillator fregyegmaies ifstnesupber A WOehe macRbrOFatargsi | | ator
frequenci es pr%ﬁuce |nterned|abe5f58ﬂy nci es in Hﬁg req”éé&&uer*y

or exam_ e, a ocal oscillator
change translates to a 25 MHz change where the

harmonic number is 50. )
In the preferred embodiments of the invention,

the method for determining harmonic number

‘reduces the harmonic number error while
avoiaing the conflicting requirements relating to
the magnitude of the change in local oscillator
frequencies described above. '~ This involves
the basic steps of determining an estimated harmonic

~number from a first set of measurements using
closely-spaced first and second local oscillator
frequencies. This step corresponds to the procedure
described above for determining N. The estimated
harmonic number may include errors. Next, the
estimated harmonic number is used to compute
. widely-spaced local oscillator frequencies which are
N used to make a second set of measurements. The use
of the estimated harmonic number in computing
widely-spaced local oscillator freguencies insures
that the widely-spaced local'oscillator'frequehcies
produce intermediate fregquencies in the required'
intermediate frequency band using a Xnown harmonic
number. In one embodiment of the invention, the



I nternedi ate frequency band using a known harnoni c nunber: In one

enbodi ment of the invention, the - .17 - frequencies of the second set
of neasurenents are at different harnonic nunbers. n another enbodi nent _
of the invention, the first and second sets of neasurenents are nade at the .
sanme’ harnoni ¢ nunber. A generalized harnonic nunber His definéd as foll owsw
[err] I't can be seen fromequation (5) that the generalized harnoni c nunber
H i ncl udes sideband information. In addition, a variable k is defined as
follows [err] where N= [err]is the generql.} zed harnoni ¢ nunber

corresponding to a local oscillator frequency [err]H is the generalized

har noni ¢ nunber corresponding to a local oscillator frequency The vari abl e

armon . nunbeTaageFREE Bk e secand 'ser, 08 Rasia e h s AEE AL 1S, o
nmeasurenents. 4ifferegt rarmenihornumhenser iIp anether embodiment
- of the invention, the first and second sets of
measuresments are made at.the'same?harmonic'number.
.A generalized harmonic number H is defined as
-follows . -

H = round [A£,/A£ ] = ~/+N C(5) L

It can be seen from equation (5) that the

. generalized harmonic number H includes sideband
information. In addition, a variable k is defirned
as follows

k = |H3| -~ |H1] = N3 - N1 (6)

where N= |H|, H3 is the generalized harmonic
number corresponding to ‘a local oscillator freguency
f03’ and Hl is the generalized harmonic number |

corresponding to a local oscillator frequency
f01. The variable k is an integer and represents



same for both sets of “ireasurenents. The local oscillator frequency [err] is
used for the second set of neasurenents is conputed as follows [err] [err]

where s =

1 for H p05|t|ve -1 for Hnegative, and [€rr]rd internediate

frequency. Eguation (7) is used to deternmine the third local oscillator
fﬁgﬂuency [err]tequired to center the corresponding internediate frequency.
This is done by setting [err] represents the center frequency of the
i ntermedi ate frequency band, and using the estimted harnoni c nunber
“determned in the first step of the prgcq§§_1n place of the actual harnonic
nunber. Equation (7) then beconmes [err] [err] [err] where [err] =
esti mat ed harnoni c nunber. Wien the estimated harnoni ¢ nunber [err]

errOn (e 1M Efel gudle AL BELLERIUEACK GO0 RGNS brcgguat on

(8) will not center the r medl

e freque

is in

rmedi at e

frequency [er rparmﬁmwm: eeorxrespanding ftoc dheoseddrat cset reﬂuency_

[err] w il

devmahguk@m@d

har nmoni ¢ nunber N1 [err

.

same for both sets of measurementa.

The local oscillator fregquency f that is
used for the second set of measuremepts 1s computed
as follows

£o3 = £o1 * [s3°f53 = sy,

-k -f01]/[N1 + k] (7)

where s = 1 for H positive, -1 for H negative, and
f;5 = third intermediate frequency.

Equation (7) is used to determine the third local

oscillator fregquency £43 required to center the

corresponding intermediate frequency. This is done

by setting fi3 = fc,,_where'fc represents the

center frequency of the intermediate frequency band,

and using the estimated harmonic number determined

in the first step of the process in place of the

actual harmonic number. Equation (7) then becomes

£o3 = foy *+ [s3ef, = sp°fy,

- kefg /NI v K1 (8)

Ceﬂfeﬁ irBqu€ﬂ§yhh%h5h1&D§ﬂdBéE’i@etﬁéror



[erf] err difference between [err] and Ni,

the resulting error in'[érr]

is given by [err] Equation (9) determ nes hom/far the internedi ate
is fromthe desired center frequency [err] Equation (9) and the
maxi mum al | owabl e error in f can be utilized to determ ne the maxi num

frequency

al | owabl e di fference between | ocal
objective is to choose k and [err]

oscillator frequencies (err}
In such a way to maxim ze[err] [err] The

The

&

o

corrected ‘harnoni ¢ nunber [err] is given by [err]=round [err] [err] The

procedure for determ ning harmonic nymper is now sunmarized with reference

to FIG 2.

oscil | at or

out put mnthln the i nternedi ate frequency band. The first

Initially, an estimted harnonic nunber [err] is determned in
step 30 utilizing the procedure described above. That is, the |ocal
12 is stepped through its range until the sanpler 10 provides an

frequency i¥haEasNigd, Thestimatedharmonia numherio iWher fthe,

by 0.5 Nkh,egﬂg,ngtégcgagmbat1gr Wreﬁlr eq_uqrg:yids measured. The esti mat ed

Qscyld@tor frequency £,

i nt er nedi at e

typicalfy

har moni ¢ nunber t ed in rdance with equatlon (5). Next,
-Fhe FBIgE 3 4

val ues of ke%ﬁﬂfer

determined by equation (8) will not center the

intermediate frequency, and the third intermediate

frequency £,, measured after setting the local
oscillator frequency f03 will deviate from the
center frequency f,. Defining the error in
harmonic number Nl as N1err (Nlerr is the
difference between Nlest and N1), the resulting
error in fi3 is given by

Equation (9) determines how far the intermediate .
frequency f13 is from the desired center frequency
fc‘ Equation (9) and the maximum allowable error
in £,, can be utilized to determine the maximum
allowable difference between local oscillator
frequencies (£453 — £451). The objective is to
choose k and S, in such a way to maximize |f03

- f01|. The corrected harmonic number H1,..

is given by _



32. This corresponds to selecting a different harnonic nunber fromthe
est-i mat ed harnoni ¢ nunber and sel ecting an upper or |ower sideband for a
second set of neasurenents. Typically, the variable k is selected as plus
or—m nus one, corresponding:to the adjacent harnoni¢ nunber, and [err] is
sétg equal to[ert] Selecting:k = 0 is a special case. discussed bel ow as an
alternate prodecure for small harnmonic nunbers, with reference to FIG 3.
Next, the third local oscillator frequency [err] is conputed in step 34
usi ng equation 8, the estimted harnon®® nunber, the sel ected val ues of k
and [err] and the center frequency [err] of the internmedi ate frequency
band. The conputed value of the third local oscillator frequency [err]
insures that the third internediate frequency [err] is at the center of
the internediate frequency band in the case where the estinmated harnonic
nunber is correct. In conputing the third local oscillator frequency [err],

it is possibleyyhat the Lhse UENE falgd s yutside the range of the
| ocal oscillator€Efo avol tﬁ{'lt 4 con cs iorfllt heé%)(r)rput ed third | ocal
oscillator frequency [err] is conpared with the frequency range of the

| ocal oscillator. If [errl+ if€,.Quisiglesd e | acalf Oscl I at fgegpency range,
the third local oscillator fr encyt i S setd usir?glequ q)grn (8) and :
selecting different val ues - ' ' ‘

The procedure for determining harmonic number is .
now summarized with reference to FIG. 2. Initially,
S an estimated harmonic number Hl .. is determined.
- in step 30 utilizing the procedure described above.
That is, the local oscillator 12 is stepped through
its range until the sampler 10 provides an output
within the intermediate frequency band. The first
intermediate frequency is measured. Then, the local
oscillator 12 is offset, typically by 0.5 MHz, and a
second intermediate frequency is measured. The
estimated harmonic number'Hles is determined in
accordance with equation (5).
Next, values of k and s, are selected in step
32. This corresponds to selecting a different .
- harmonic number from the estimated harmonic number
T\ and selecting an upper or lower sideband for a
second set of measurements. . Typically, the variable
k is selected as plus or minus one, corresponding to
the adjacent harmonic number, and S is set equal
to s,. Selecting k = 0 is a special case
discussed below as an alternate prodecure for small
harmonic numbers, with reference to FIG. 3.
Next, the third local oscillator frequency f03

t



for k and/or [err] The third internedi ate frequency f s i3 nmeasured in
step 36 using the third local oscillator frequency [err] Al of the val ues:
required for equation (10) are now known. The corrected harnoni c nunber
[err]is conmputed in step 38 using equation (10). Alternatively, the second -
| ocal oscillator frequency[err]and the second internedi ate frefueney vt
[err]can be used to conpute the third | ocal oscillator frequency[err]and to
conput e the corrected harnonic nunber. The rel ati onship between the various
frequenci es i nvol ved in the nethodyQf the present invention are
illustrated in FIGS. 4A and 4B, each 3 whi ch represents a segnent of the
frequency spectrum The horizontal axis represents frequency, and verti cal

arrows represent signals. In FIGS, 4A and 4B, the [np si gnal frequency
[err]is repk8sERMPY A GFeR SHHS1RT BEiREoR é'fgﬁgt | ocal oscillator
frequency [egthimated enirasaiiethimber ; ovise 5Pelédtedbvatties BACk harnonic is

arwnrs SoShA5an S HpeOUE PR £ rots, tehen (10, Tre
at frequencyheeriedddaiee < meiency neatidit e Thequempytedrveluet ffn t he
s LT 2 Bkt SRUGHN A oo d OLELEBE) Sl Galamepercyl sheboks the

that the third intermediate freqx.t_ency..t_'i3 is at

the center of the intermediate frequency band in the

case where the estimated harmonic number is

correct. _ o R

In computing the third local oscillator - : N/

frequency f03,-it is possible that the computed

‘ frequency falls outside the range of the local
oscillator. To avoid this condition, -the computed
third local oscillator frequency f03 is compared
with the frequency range of the local oscillator.
1f f03 is outside the local oscillatOr_frequency-
range, the third local oscillator frequency is set
using equation (8) and selecting different values
for X and/or S, .

The third intermediate frequency fi_-3 is
measured in step 36 using the third local oscillator
frequency-faa.- All of the values requi:ed'for :
equation (10) are now known. The corrected harmonic
number Hl___ is computed in step 38 using equation
(10). Alternatively, the second local oscillator
frequency £,, and the second intermediate
frequency fi2 can be used to compute the third
local oscillator frequency f03 and to compute the
corrected harmonic number. '

The relationship between the various frequencies



i nput signmal 50. The local oscillator frequency [err] and a second |ocal
oscillator frequency[err] (not shown), which is slightly offset from
frequency from[err] are used to obtain an estimate of Nl as descri bed
above. Referring nowto FIG 4B, a third |ocal osclllator frequency [err]

i sS.sel ected-as tescri bed abeve. The third | ocal oscillator frequency [err]
produces harnonics 60, 62, 64, etc. T harnonic 62 having a harnonic
nunber N3 (which differs-from Nl by k), when mxed with the input signal 50
at frequency [err] produces an internediate frequency [err] within the

i nt er nedi at dnfoderedndn el n(dthdde afettdod @resdret viveast bosogtat eld w: th the
two sets of 0 4 calculate a
corrected héﬁqn%%rt?a%%%)sim %d escrl bnéfm‘loo’ve aﬁhg&gb‘%ﬁ &(’iescrl bed net hod
for detern Hepyes@ntsniac smmt Wi [theof teguenqispretrwy. walhef exanpl e..

In a first ﬁé%fi&bﬁtaQS%m é¥érﬁ§’¥ rﬁi@:&ﬂéy Orh%ui e‘{é:}tfé gbgﬁggméd
e

[err] = 330.5 MHz [err] = =--30
[err]—[err]arr°7§ resent s1gnals 47 and 4B,

input signal frequency f ‘is represented by arrow
50. The harmonics of a flrst local oscillator
frequency f01 are represented by arrows 52, 54,
- 56, etc. Each harmonlc is shown as hav1ng an upper
sideband (USB) and a lower sideband (LSB). The
 harmonic 54, having a harmonic number N1, when mixed
~ with the input signal at frequency f_, produces an
intermediate frequency fil within the intermediate’
frequency band. Intermediate frequency fil is the
difference in frequency between harmonic 54 and
input signal 50. The local oscillator frequency
f01 and a second local oscillator frequency foz
(not shown), which is slightly offset from frequency
from fbl’ are used to obtain an estimate of N1 as
described above.

Referring now to FIG. 4B, a third local
oscillator frequency f ~is selected as described
above. The third local oscillator frequency f
produces harmonics 60, 62, 64, etc. The harmonlc 62
having a he-monic number N3 (which differs from N1
by k), when mixed with the input signal 50 at
frequency fx produces an intermediate frequency
fi3 within the intermediate frequency band of the-
detector. ' The values associated with the two sets
of conditions shown in FIGS. 4A and 4B are used to



[err] k = +% [err] = -1 The estimated harnoni c nunber is determned as
descri bed above. The above values are substituted ., nto in equation (8) to -
conpute a third local oscillator frequency [err] df 320.32 Mz. The third
intermedi ate frequency [err]is neasured at 70 MHz, since the estinmated

har nmoni ¢ nunber Hl was correct. Then, the corrected harnmoni ¢ nanber [err] “‘w
conputed in accordance with equation (10) and is determned to be -30. In a
second exanpl e, assunme the sanme paraneters as in the first exanple with the
exception that the estinated har nmoni unber [err] is -29 (since an error
occurred in estimating Hl). Based on e estimated harnoni c nunber [err]
and the other paraneters, the third internmedi ate frequency [err] is
conputed in agcordance with e 8) .to_be 3109. In this

o e T AR RS ra e CRRah R Ghsk b, 2R bk ¥ibag,' 0o The

The [err] nsdweed value of the third internediate frequency [err] differs

fromthe desi redI. % éJ&:YQ% ggsmbggcﬁgﬁﬁohh?ogsh'e%trﬁﬂ F%mnl c nunber HL -

was in error. e neasur enmen S|deband of
har noni ¢ nuhm;mqnuqﬁnumbeSUWlefngwlbetnAéuBtfatgdaNW'Naﬁ] coupl ed

with the example. In a first example, assume the following

conditions _
£, = 10 gigahertz
fo1 = 330.5 MHz
fil = 85 MHz o |
Hl = =30 , ' o/
H1e§t = -30 | |
Desired fi3 = fc = 70 MHz
kK =+1 :
Sq = -1

The estimated harmonic number is determined as
described above. The above values are substituted
into in eguation (8) to compute a third local
oscillator frequency f03 of 320.32 MHz. The third
intermediate frequency fi3 is measured at 70 MHz,
since the estimated harmonic number Hl was correct.
Then, the corrected harmonic number H1, ., is _ |
computed in accordance with equation (10) and  is _ ' ' ;:;
determined to be -30. Lo |
In a second example, assume the same parameters -
as in the first example with the exception that the.
estimated harmonic number Hl or is -29 (since an
error occurred in estimating Hl1). Based on the
estimated harmonic number Hl_., and the other
parameters, the third intermediate frequency f°3

is computed in accordance with equation (8) to be



fact that the true value of- HL is -30. Substitution of the required val ues
into equation (10) yields a corrected harnmonic number [err] of -30. Thus,
the error that occurred in the estimted harnoni c nunber has been corrected
by the procedure of the present invention. The above:-described procedure

f ox_~det er ni ni ng *har noni ¢ nunber sonetinmes produces’ résults outside the band
of the local oscillator range or the Wriker medi at e frequency band in cases
of low harnmonic nunbers. |In this situation, an alternate procedure is
utilized. In the above-descri bed exanpl e mhere the local oscillator has a

range of 293B%098H¥Hand IRethisccas attder thizdndptiexmediagfye of 45-95

Mz, the abopredu Ufe m@gkﬁegghkeﬁogthgmngglgHQuanhg great'er than 18.

The foll owi n roce ure 1357y |Ibz harnonlgﬁeynb rs less than 18. The
alternate pr ¥aluecPEpt ewFPH‘ﬂeﬂéﬁ@ reguengtial Iy, an

esti mat ed haﬁgrﬂﬁfmnbefrbmr thei deddtrednvaddel hfsmpm I n the manner

or ovi ousl y- AR 18 p SEREPE-BRCBRRHORAE hubbbe MR 50 - o (har i,

previously
t.he second s%nrqw nEﬁQUE%aEHtthESmEGSBrmehttMBSS&HB°Waﬂm0¢m@ nunber as was

ggg!:f:?oLnf uenc ?gaﬁ e?gs§hg§553 h?ﬁﬁggkc gggg$%érfyggﬁéﬁ§yng?L]
. selectlng +1 and s = -1, coupled with the

fact that the true value of Hl is -30. Substitution’

of the required values into equation (10) yields a

| corrected harmonic number chrc of -30. Thus, the

W/ error that occurred in the estimated harmonic number

has been corrected by the procedure of the present
invention.

The above-described procedure for determining
harmonic number sometimes produces results outside
the band of the local oscillator range or the
intermediate frequency band in cases of low harmonic.
numbers. In this situation, an alternate procedure

is utilized. In the above-described example where
the local oscillator has a range of 295-350 MHz and
the intermediate frequency has a range of 45-95 MHz,

" the above procedure works well for harmonic numbers
greater than 18. The following procedure is
utilized for harmonic numbers less than 18. The
alternate procedure is described with reference to
FIG. 3. Initially, an estimated harmonic number

H1l . is determined in step 70 in the manner
described above. The alternate procedure differs
from the previously-described procedure in that the



was neasured in determ ning the estimted harnonic nunber. The | oca
-oscillator center frequency [err] is determ ned in accordance with the -

following relationships [err] f f (f Cf )/HL
(12) [err] i max [err] [err] where [err] = local oscillator frequency-
produci ng the | ower internediate frequency [err] = local oscill.ator " 2

frequency producing the upper internediate frequency fi mn = mni num
i nternedi ate frequency max = maxi mrum i nternedi ate frequency If either

oscillator frequency [err] or [err is greater than the maxi num
frequency of the local oscillator, that frequency is reduced to the maxi num
| ocal oscillator frequency.. If either frequency [err] is |less than the

m ni mum fr
the m ni nu

Qﬂﬁﬁﬂgqlgf tbeoLoEﬁ toggllkikp ec&ﬂﬁf Eﬁﬁ ncy is increased to
m1oca T1afor é i

OSCi requency thlr "l ocal oscillator

frequency [RE3SUrgmERLtS 0B$tmad§cﬂﬂ-tbs&ifﬂe| @tame haé'mﬁiéﬂ@ qusiagr are conput ed

in step 74. asThi’é@ N@il‘fﬁe&r fnCGEEEEQQn&%gprtﬁ%Cre's‘%@.ﬂtaftre%llency of f sets above
and bel ow the | ocal oscjl | ator center fre uen%éhiégg e maxi nrum of f set
&S i

consi st ent RAERPRIS MUFRSFR: ¢ NE¥Ber 34

sel ect ed.

Yoandwith is
f°c is computed in step 72. The frequency f11 '

was measured in determining the estimated harmonic
number. The local oscillator center frequency fbc
is determined in accordance with the followzng

relationships
o’
for. = fo1 ~ (£31 — £3 min)/ Mlegt (11)
fou = fo1 = (5 max — f317/Hlgge 12)
oo = (£ + £,5)/2 S a

~

where £, = local oscillator frequency producing
the lower intermediate frequency



Defining a predeterm ned frequency difference D the third and fourth | ocal
oscillator frequencies [err] and [err] are conputed as [err] (D2) and
[err] + (D/2). Typically, the offset is 1 Miz. Thus, the third | ocal

glllator frequency [err] i's 1 MHz less than [err] and the fourth | ocal

| lator frequency [err] is 1 MHz greater than [err] so that the third

aﬁh fourth local oscillator frequencies are separated by 2 MHz. The third
and fourth internediate frequencies [err] and [err] are neasured in step
76, -and the corrected harnonic nu L [err] is conputed in step 78
utilizing equation (5) (since the frgggencies in the second set of
nﬁasurﬁnentz are Ln t he sane si deband of the sanme harnonic nunber). Wile
t here have been s ribe t . dered the
preferred enbodine%?n ot Qﬁéia%g%d}fhﬂgﬁ {f%égeﬁgyafﬁédggfggviOus to those
skilled in the art that vanﬂumsthangastemmbdinﬁeiﬁaeqeﬁscﬁay be made

therein w thout degarting f égg SriRddi | fvephéRByas defined by the
appended cl ai ns. iCiniinvs % nnﬁ%c %e?ero ne converter wher ein
t he £ max = maxzmum 1ntermed1ate frequency

If either QSC111ator frequency foL or . foU is
greater than the maximum frequency of the local
oscillator, that frequency is reduced to the maximum
local oscillator frequency. If either frequency
fOL or fOU is less than the minimum frequency of
W the local oscillator, that frequency is increased to
the minimum local oscillator frequency.
Next, a third local oscillator frequency f03
and a fourth local oscillator frequency.f04 are
-computed in step 74. These values are comp-ited as
prescribed frequency offsets above and below the
local oscillator center frequency fOc' The
maximum offset consistent with the harmonic number
and intermediate frequency bandwith is selected.
Defining a predetermined frequency difference D,
the third and
fourth local oscillator frequencies f03 and £,,
are computed as fo3 =f_ .- (D/2) and £,, =

O oc
A 3 + (D/2). Typically, the offset is 1 MHz.

Tgﬁs, the third local oscillator frequency f03 is
1 MHz less than f0c' and the fourth local
oscillator frequency £,, is 1 MHz greater than

f0c so that the third and fourth local oscillator
frequencies are separated by 2 MHz. The third and
fourth intermediate frequencies fi3 and fi4 are

measured in step 76, and the corrected harmonic



frequency of an input signal is determ ned from a~tdcal oscillator
frequency, an internedi ate frequency obtained by m xing the |ocal - .
oscillator frequency-with the input signal, and a harnoni c nunber, a nethod
for determining a generalized harnonic nunber H, conprising the steps of:
conputing an estimted generalized harnonic nunber [err] from’

cl osel y-spaced first and second | ocal oscillator frequencies [err]and flrst
and second internediate frequencies [err]and [err] obtai ned by successively
m xing said first and second | ocal giﬁlllator frequencies with the input
signal; selecting athird |local osci®lator frequency [err] such that the .
correspondi ng generalized har noni ¢ nunber H3 differs fromthe estimated

har moni ¢ nunber a predeterm ned.integer X uring a third
internediaP@n&¥%h er¥ ¢ Qﬁﬁ%ﬁﬁ%dl%ygﬁ?Qii% @ﬁgf%ﬁFPg | ocal oscill ator
frequency aquhtuMm|0ﬁﬁn(snmpeuthenﬂreqmmmmlag inctheeséedngeneral i zed

har noni ¢ ngggeokeﬁgéééygaéﬁié fﬁﬂkﬁéﬂg&héogfa?g§ﬁ?lbgtggefrequenC|es'

and the first and ate f Fequencr es t hod as
defined i nsemg Mmarmgnsieininber tep of selecting a'third |ocal OSC|IIator

frequency incl ygaséd 'ﬁléﬁ@ﬂi‘axﬁ@ BébeCdhéven %ﬂ@'d@sé’hﬁe&”ﬂhat
are at present,con51dered the preferred embodiments
of the present invention, it will be obvious to
those skilled in the art that various changes and
modifications. may be made therein without departing .

from the scope of the invention as deflned by the N

appended claims.



sel ecting,a value of [err] where [err] represents %he sign of H3. 3. A
method as defined in claim2 wherein the step of selecting a third | ocal
oscillator frequency includes the step of conputing the third oscillator
frequency[err] in accordance with the equation [err] [err] [err] where
[etr] = center *frequency of the internediate frequency band of said

har noni ¢ het erodyne converter, [err] Qggr] 4. A nmethod as defined claim3

wherein the third |ocal oscillator frequency is selected such that k =
[err] 5. A nmethod as defined in claim3 wherein the step of conputing a
corrected generalized harnonic nunb&LAIMS udes the step of conputing a
corrected generalized harnonic nunber [err] in accordance with the equation
[err] * C L M S * [err] = round [err] [err] where round
represents roundi ng of the value contalned in brackets to the nearest

i nt eger.
1. In a harmonic heterodyne converter wherein the
frequency of an input signal is determined from a
local oscillator frequency, an intermediate
frequency obtained by mixing the local oscillator
frequency with the input signal, and a harmonic.
number, a method for‘determining a generalized
harmonic number H, comprising the steps of:

v computing an estimated generalized harmonic mmber H1__,
from closely-~-spaced first and second local
oscillator frequencies f°1 and'f02 and first and
second intermediate frequencies f;, and £,
obtained by successively mixing said first and
second local oscillator frequencies with the input
signal; '

selecting a third local oscillator frequency
f°3 such that the cqrrespondlng generalized
harmonic number H3 differs from the estimated
harmonic number by a predetermined integer, Kk;

measuring a third intermediate frequency fi3
obtained by mixing the third local oscillator
frequency with the input signal; and

computing a corrected generalized harmonic
number H1, . from the first and third local
oscillator frequencies and the first and third

intermediate frequencies.

/ .
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6. In a harnmoni c heterodyne converter wherein thé frequency of an input

signal is determned froma |ocal oscillator frequency, an internedi ate

frequency obtained by mxing the local oscillator frequency with the input

signal, and a harnonic nunber, a method for determning a generalized . .
har moni ¢ nunber, conprising the steps of: conputing an estimated harnoni c
nunber from cl osely-spaced first and gfcond | ocal oscillator frequencies
and first and second internedi ate frequenci es obtained by successively

m xing said first and second | ocal oscillator frequencies with the input

Si ggal , selzact Img\é&hddi apddépined iﬁCaﬂ.aQﬁCM babelezhr %@e%%e%sht hat

produce in e s,within_an owahl e range at "t he sane

har moni ¢ n&%?ae eaéqweitm @dlﬂ‘é? ﬂFElﬁgﬁgg AEIURRCYare wi del y

spaced; nedswludes Hihel step$ oof t selettingdaatvalfieeqidekciang obt ai ned by -
successi ve t nd f oc ' t frequencies with

t he i nput Eﬁggg@fggugwbgfu ?%S %3cg#%%§t%3 QE g?%k%%gd%h rmoni c nunber
fromthe tBica &ﬁh*ﬁburth | ocal OSC|IIator frequencies and the third and
fourth internediate frequenC|es . A nmethod as defined in claim®6 wherein
the step 05 selectl%% hird a gurth | ogcal oscil | ator

: . A met as de 1ne in claim 2 whereln the step

of selecting a third local oscillator frequency

includes the step of computlng the third osc111atcr

frequency f03 in accordance w1th the equatlon

fo3 = fo1 ¥ [53°fc'" s1*fp ~
-k 'fOIJ/[Nlest_+ k],
where f_ = center frequency of the intermediate
frequency band of said harmonic
heterodyne converter,
N]'es = 'm%tl _
S; = sign of Hlest
4. A method as defined claim 3 wherein the third
local oscillator frequency is selected such that k =
+1 and 51-53 . . S .. _. | v

S. A method as defined in claim 3 wherein the step

of computing a corrected generalized harmonlc number'-'
includes the step of computing a corrected

generalized harmonic number chrc in ‘accordance

with the equation -

!-c_'l. M s x .



frequenctes includes the steps of conputing a |ocal oscillator center
frequency consistent with the estimted harnonic nunber and the

i nternedi ate frequency range,. and selecting the third and fourth | ocal
oscillator frequencies above: “and bel ow the | ocal OSC|IIator center

f requency by a predetern1ned frequency difference. 8. A method as defi ned
in claim?7 wherein the step of conput@®g a | ocal OSC|IIator center
frequency includes the steps of conputing two |ocal oscillator frequencies,
[err] in accordance with the equations [err] [err] where [err]rst |ocal
oscillator frequency, [err]rst internediate frequency, [err]m ni num

I nternmedi ate fr ency, errb. maxi terpediate frequency, and [err]—
esti mat ed gener dl'taee Taf HBhH {ﬁmn%e os(é?o; Eg 5L MS * In and
computing the local oscillator center frequency as the average of

frequencies [err] in accgQr nce t r -
where round represenbs roundlng of the value
contained in brackets to the nearest integer.

o 6. In a harmonic heterodyne converter wherein the
frequency of an input signal is determined from a
local oscillator frééuency, an intermediate

. frequency obtained by mixing the local oscillator

N frequency with the input signal, and a harmonic

number, a method for determining a generalized

harmonic number, comprising the steps of:

computing an estimated harmonic number Irom
closely-spaced first and second local oscillator
frequencies and first and secor 1 intermediate
frequencies obtained by successively mixing said
first and second local oscillator frequencies w1th
the input signal;

selecting third and fourth local oscillatbr
frequencies that produce intermediate frequencies
within an allowable range at the same harmonic
number as the estimated harmonic number and that are
widely spaced; |

measuring third and fourth intermediate
frequencies obtained by successively mixing the
third and fourth local oscillator frequencies with:
the input signal; and

computing a corrected generalized harmonlc

U/
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9. A nethod as-defined i.n-el'aim8 wherein the step of selecting the third

and fourth local oscillator frequencies includes the step of calculating a
third | ocal oscillator frequency [err] and a fourth tocal
[err]in accordance with-[err] [err] where D = the predetern1ned frequency

di fference. 10. A nethod as defined in claim8 further

I nc

oscil | at or

ludi'ng the step™

of reducing the local oscillator frequencies f or [err] to a maxi num
| ocal oscillator frequency if either local oscillator frequency f or f

is greater than the maxinumlocal oscil etor frequency.

11.

“A net hod as

defined in claim8 further includingt step of increasing the |ocal _
oscillator frequencies [err] -.to a m ninumlocal oscillator frequency if
either local oscillator frequency [err]is | ess than the m ninum | ocal
oscill ator frmembecyfrom rihe titird amd Sourth ltzal roschhlaboic

het er odyne CO@yé?%Fato E%ﬁht@ﬁeféﬁﬂﬂﬁnﬁﬁdpf %Qdﬂn¥ﬁté%ﬂ@&iogé detern1ned

froma | ocal osc

requency, an iInternmediate frequency

tai ned by..

m xi hg the | oEBPIBEBIGHER or frequency mnth t he |nput S|gnal “and a har noni ¢

nunber, a nmethod for determning a

7. A method as defined in claim 6 whereln the step

of selecting third and fourth local oscillator
frequencies includes the steps of

computing a local: osc111ator center frequency
consistent with the estlmated ‘harmonic number -and
the intermediate freauency range, and

selecting the third and fourth local oscillator
frequencies above and below the local oscillator
center frequency by a predetermined frecuency
jifference.

8. A method as defined in claim 7 wherein the step

of computing a local oscillator center frequency

includes the steps of | |
computing two local oscillator freguencies,

foU and foL’ in accoreence y;th the_equatlous
Cfor = £o1(E4, - £5 min’)/Hles
fou = f01—(fimax - fil)/Hlest

where f01 = first local oscillator frequency)

f;; = first intermediate frequency.

£: min =_minimum intermediate frequency,

fi max = meximum intermediate frequency, and

Hl ., = estimated generalized harmonic
number,

* ¢ L M s ® -
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general i zed harnoni'c nunber, conprising the steps of: conputing an

est.i mat ed harnmoni ¢ nunber from cl osel y-spaced.first and second | ocal

oscillator frequencies and first and second internedi ate frequencies

obt-ai ned by successively mxing said first and second | ocal oscillator

f meguencies .with the input signal; when the estimatied harnoni c nunber is

equal to or greater than a predeternined val ue, selecting a third | ocal

oscillator frequency [err]such that the correspondi.ng harnonic - 03 nunber

N3 differs fromthe estimated harnoni ceyurber by a predeternined integer,

k; measuring a third internedi ate frequency [err]. obtained by m xing the

third local oscillator frequency with the input signal; and conputing a

corrected generalized harmonic nunber fromthe first and third | ocal

osci |l | at or f;ggfencies and the first and third internedi ate frequenci es;

and when the | mat ed harnonic nunber is | ess than said predeterm ned

val ue, sel ecti ng domputdimncdHe fidcd DecascDTatdoat @entetr frequéneguenci es

t hat- produce i nternedi ate f#ﬁ? nci es mﬁthig an_a Igmable range at the sane
oy 3prd £, in

har nmoni ¢ nunﬂgrt thEATS TN S

accordancg with foc = (f°U +_foL)/2‘

9. A method as de’ined in claim 8 wherein the step
of selecting the third and fourth local oscillator
frequencies includes the step of calculating a third

_ local oscillator fréquéncy f03 and a fourth local.
oscillator £04 in accordance with

£03 = foe — (D/2)

f04 = foc + (D/2)

where D = the predetermined frequency difference.
10. A method as defined in claim 8 further 'including
the step of reducing the local oscillator
frequencies f_;; or £_; to a maximum local |
oscillator freguency if either local oscillator
frequency £ ., or £ . is gr. :ter than the maximum

- oU oL

\/ local oscillator frequency.

11. A method as defined in claim 8 furth-r
including the step of increasing the local
oscillator frequencies foU or foL to a minimum
local oscillator frequency if either local
oscillator frequency £ or fo, is less than the
~minimum local oscillator frequency.

* [+ L M N * '



nunber and that are widely spaced; neasuring fourth and fifth intermediate
frequenci es obtained by successively mxing the fourth and fifth | ocal
osciliator frequencies with the input signal;. and conputing a corrected
-gener al i zed harnonic nunber fromthe fourth and fifth |ocal oscillator
frequencies and the fourth and fifth internediate frequencies.” 13- j\f
Appar atus for determ ning harnonic nunber in a harnonic heterodyne

converter wherein the frequency of &3 nput signal is determned froma

| ocal oscillator frequency, an internediate frequency obtained by m xing
the local oscillator frequency with the input signal and a generalized

har noni ¢ nunber, said apparatus conprising: nmeans for conputing an

esti mat e(cjgri"lar ngﬁl % rrber ]{err%ﬁé%g cleo%eelngl&t aceqﬂ{ele‘{ st aéﬁj second | ocaI
i Il at Ry
Fiéére%mﬁréqughgygbﬁlsniinpuucshgn:neﬁs memenmxnsdi{;g?$z?ngefgggpg .
Ci+é§‘i 5Ff:a‘ﬂl$ equeé{%g&éf.éﬁ}” aﬂpli :'h atl 9

third lo 3scPT LAt or suc e correspondi ng harnonic

nurrber NZ zeqaensys m‘hallrmedastrrat ed har m)nlcmm t[rgerl}ocal C L M-

S oscillator frequency with the input signal, and a

harmonic number, a method for determlnlng a

generalized harmonic number, comprlslng the steps of:
. computing an estimated harmonlc number £from

closely-spaced f1rst and second local oscillator

frequencies and first and second 1ntermedlate o s

Zrequencies obtalned by success1ve1y m1x1ng said
first and second local oscillator frequencies with
the input signal; -
when the estimated harmonic number is equal to
or greater than a predetermlned value,
selecting a third local osc111ator frequency
f03 such that the correspond1ng harmonlc
number N3 differs from the estlmated harmonlc :
number by a predetermlned integer, k;
measuring a third intermediate frecuency_
13 obtained by mixing the thlrd local
oscillator frequency with the input 51gna1, and
computing a corrected generallzed harmonic
number from the first and third local oscillator
frequencies and the f1rst and third 1ntermed1ate_
frequencies; ‘and _
when the estimated harmonic number is less than '
said predetermined value, _
selecting_fourth and fifth local oscillatorf'

T R
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35 by a predeternined |nteger k; neans for neasurlng athird internediate
frequency [err]obtained by m xing the- Ihtrd l.ocal oscillator frequency with
the input signal; and nmeans for conputing a corrected generalized harnonic
nunber [err] fromthe first and third local oscillator frequencies and the
finst and third% nternediate frequencies. 14. Apparatus for deternining a
harfmoni ¢ nunber in a harnoni & het er odyne converter ##ierein the frequency of
an input signal is determ ned froma |ocal oscillator frequency, an

i ntermedi ate frequency obtainéd by n1xgpg the | ocal“oscillator frequency
with the input signal,. and a generaliZed harnonic nunber, said apparatus
conpri sing; means for conputing an estimated harnonic nunber from

cl osel y- spaced fqug d. fggoega£g§@$d8§8|iﬁ@éfmeéigggen0|es and first and

second internedi & requenci 85 0 successively mxing said first
and second Iocalﬁi§HUQQﬁIESbethhca@sahloﬂabhe rapge argkhe; neans for

selecting third anghd qwfxﬁbﬁi)eaﬁmeséflés?lteﬁefése&&s%w%wﬂanmeoduce ,

|MeHmmaH3He$mmuesmﬂ hin an allo rwg at the same harnonic
nunber as the estiYRRSH 3L nbRtE ﬁﬁﬁﬁ%? ﬁ%ﬂ $PR%®%7 e wi del y-spaced; neans
for measuring thlrdammhéguwiﬁglf@@fﬂmdaﬂaefifemueﬂﬁeemeabaaened by m xi ng
the third and foyrth |6 eSSt 8188 L) CMENSLERvily miLEhY the
fourth and fifth local oscillator frequencies
with the input signal; and _
computing a corrected generalized harmonic-
U number from the fourth and £ifth local
oscillator frequencies and the fourth and f£ifth

intermediate frequencies.

13. Apparatus for determining harmonic number in a
harmonic heterodyne converter wherein the frequency
of an input signal is determined from a local.
oscillator frequency. an intermediate frequency
obtained by mixing the local oscillator frequency
with the input signal and a generalized harmonic
number, said apparatus comprising: S
means for computing an estimated a:%%h’ieg number
: Hl ., £from closely-spaced first and second local
N oscillator frequencies fol and £52 and first and
second intermediate frequencies £:1 and £;,
obtained by successively mixing said first and
second local oscillator frequencies with the input

_ signal; _
s means for selectlng a third local osc111ator f
frequency £,, such that the corresponding harmonic

03
number N3 differs from the estimated harmonic number

* [+ L L] S *



the input signal; and-means for conputing a corrected generalized harnonic

nurber fromthe third and fourth |ocal oscillator frequencies and the third
and fourth internedi ate frequencies. 15. In a harnonic heterodyne converter
wherein the frequency of an input signal is determned froma |ocal :

oscillator frequency, an internediate frequency obtained by ni*ing the 7

| ocal oscillator frequency with theSpout signal, and a harnoni c nunber, a
met hod for determ ning a generalized harnmoni ¢ nunber conprising the steps
of : conputing an estimated harnoni ¢ nunber from cl osel y-spaced first and
second | odsy aspredatermineduimdiegerakd first and second internediate
frequenci es oy alfgdeBy AUGSERTRYClY Y ritrtheldilatle and second | ocal
oscillator_frequencies wth the "nput signal,;, selecting w dely-spaced | ocal
osci | | at orf FOGRRRAY 354t ARtaRaed BykMWindthe $hdrd kasahe estinated
har”D“iC'BﬁﬁEKIQQQrtEE

internmedi ate fre ueng% ban .the convertér;, nmeasuring internedi ate
frequenci es ofRSARBIERY RPEPHEiRGe nCoETPched. genesad il lator o
frequend«ﬁhﬁh&&ﬁéfmmmbeutﬂaignaEro&ﬂiheoﬁnu@kngnm.Qmﬁnﬁpted general i zed

harmoni ¢ ey ésrgﬂiahgo\fvi. ggegﬁség%(i%% lé_%%alth(%s%iilrls%t %nd third
intermediate freguencies.

14. Apparatus for determining a harmonic number in
a harmonic heterodyne converter wherein the

é'qﬁghg?sw&@k thd AnPuredignally qgencies within the

4.

frequency of an input signal is determined from a '\J

" local oscillator frequency, an'intermediate
frequency obtained by mixing the local oscillator
frequency with the input signal,. and a generalized
harmonic number, said apparatus comprising;

means for computing an estimated harmonic number
from closely-spaced first and second local:
oscillator frequencies and first and second
intermediate frequencies obtained by successively
mixing said first and second local oscillator
frequencies with the input signal;

means for sélécting'third”andffourth local
oscillator frequencies that produce intermediate
frequencies within an allowable range at ‘the same
harmonic number as the estimated harmonic number and
that are widely-spaced; - '

means for measuring third and four¢h _
intermediate frequencies cbtained by mixing the
third and fourth local oscillator frequencies with

1K) 0 O



frequenbies-and'the correspondi ng ihternediate freduencies.

»
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the input signal; and

means for computing a corrected generalized
harmonic number from the third and fourth local
oscillator frequencies and the third and fourth
intermediate frequencies.

15. In a harmonic heterodyne converter wherein the
-frequency of an input signal is determined from a
local oscillator frequency, an intermediate
frequency obtained by mixing the local oscillator
frequency with the input signal, and a harmonic
number, a method for determining a generalized
harmonic number comprising the steps of:
computing an estimated harmonic number from
closely-spaced first and second local oscillator
frequencies and first and second intermediate
frequencies obtained. by successxvely mixing said
first and second local osc111ator frequencles with
the input signal; R,
selectlng w1dely—spaced local oscillator
frequenc1es ‘that: have a-known. relat10nsh1o to the
estimated harmonic number and that correspond to
N intermediate frequencies within the intermediate
frequency band of the converter;
measuring intermediate frequencies obtained by
mixing the widely-spaced local oscillator
frequencies with the input signal; and

. computing a corrected generalized harmonic
number from the widely-spaced local oscillator
N frequencies and the corresponding intermediate
frequencies.
L
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