WIDE RANGE, HIGH RESOLUTION FREQUENCY MONITOR FIELD OF THE INVENTION [0001]
This application generally relates to frequency monitors for measuring the frequency of a periodic
signal and patrticularly to a frequency monitor that may automatically accommodate a wide range of
input frequencies with high resolution. BACKGROUND [0002] Frequency monitors may be employed
to measure periodic signals, for example, electrical pulses from a tachometer or the like.
Low-frequency signals are typically measuring the time between signal "features" of two successive
cycles of the signal, for example, the rising edge of a square-wave pulse or zero crossing of a sine
wave. The med&FBditiRa MeFL d Hitdh BRSO UG MidKkR K& BiHrCSp eddOadkBdBween the
occurrence of these signal features and this count may be inverted to obtain a measure of frequency.
[0003] As the frequency rises, the nuniigi.Bf GieaHElE &4 \CIEK NS falls decreasing the effective

reso'““"”o%me casurement; This decrease 10 fesouition may be %"O‘eda%%% nereasing e
resolution of the clock (for exam% e, using a higher gfbgk¥reqUencyS or by converting 15 4 second
measurem@miodiethgarbimbpmtiegthly hundbapefisignalieatbae sforaaigivencalhit asktimeofbtexample,

the num%{dgﬁ.gﬁggﬁgg&sﬁ%&gﬁag%ﬁ{'q@&%g&gg&!d. This second method provides increased

resolution as thefrequency rises and more clock ticks are counted in that given unit of time. This
approach yields a direct measurement of frégb&deyRrEbIR the need for inversion. [0004] In order to

accommegiaiera widg,ariehRf frRAUENGIES IpbR Measured. TEGUBRSYMANIors:maybave manual

settings allowing the user to set the clock frequency (effectively the resolution of the measurement) or

to select HetisarPHESEING HBChenEcriIba FratHa SrRegss g mheasrairdhe REI sy the

duration pRIMEEBRWISESDMR) FAURTNT.a sheairlser{o g ivieRdime duation 1§eQRaIThis need
to manually set the frequency monitor or to determine the likely frequency of the input signal can be

problemafiéSrt b SHETARY UHEFC R GHTEHE BiHeeIcNaedgE RSBUTAARECREARS of the input
signal mayptapibe el knoynidnd tereiisadesicth bawiddihenead fantrioianiatapmntion.
SUMMA'?eﬁtgeFS -grt' }H};I \c/oEu’}g J}%}I\zl be inverted to obtain a measure of frequency.
[0003] As the frequency rises, the number of measured clock ticks falls decreasing the
effective resolution of the measurement. This decrease in resolution may be avoided by
increasing the resolution of the clock (for example, using a higher clock frequency) or by
converting to a second measurement method of counting the number of signal features for a
given unit of time, for example, the number of rising edges or zero crossings per second. This
second method provides increased resolution as the frequency rises and more clock ticks are
counted in that given unit of time. This approach yields a direct measurement of frequency
without the need for inversion.
[0004] In order to accommodate a wide variety of frequencies to be measured, frequency
monitors may have manual settings allowing the user to set the clock frequency (effectively the
resolution of the measurement) or to select between these two above-described methods of
frequency measurement: (1) timing the duration between pulses or (2) counting a number of
pulses for a given time duration.
{00057 This need to manually set the frequency monitor or to determine the likely frequency of
the input signal can be problematic in an automatic control environment where knowledge about

the frequency of the input signal may not be well known and there is a desire to avoid the need

for human intervention.

SUMMARY OF THE INVENTION




[0006] The present invention provides a monitoring system that employs the first method described
above, of timing an interval between successive signal features, and then applying a time domain filter
to a period or frequency value derived from that interval. As the frequency of the signal to be
measured rises, loss in resolution is manifest as a high frequency error component to the
measurement and this error component is removed by the filter. The effectiveness of the filter in
removing the error component increases as the frequency of the signal to be measured increases,
providing a higher sampling rate that is increasingly filtered, in effect, compensating for the decreased
resolutiommbfai]wd"uid mesenallybetasgooidtied withrhigher fxegue ricieanj0007ihs fecificallydthen, the

present e . one embodiment, predes  feauency monlan having anipy or egeiving 2

signal to be meastred and a sﬁnﬂnl 1fea Ufe extractor ide aregular feature Softhe i s@nal related
to the sigmaksipexodiibetimensysténr tomuwmenivatesdaithethesigiak fettma. eXxtrHotdreggavide an

outout befaa NN eLRaIAdiol e sIaNak ARt A IPMERRES: IS/ gRANGRINS eHtput to reduce high

frequency tluctuations in the output value to provide a measurement output for monitoring frequency of
the signato[opO8itistisusafastoret ohd thenerormoanbetinfanmorademnsriién. td provide a

frequencyrpgasiing,deen hal pay-aHiomaticall Y AR alalesa widgd aRgeRf ynipyk signal

frequencies without the need for manual or semiautomatic adjustment. The filter smoothly
compensealiBy AR EHO ETBIth AIWSING SiHePRISE MR8 538 the FeBirsHBY LGNty

measuregrant usingdheneried monitesiRgdeshnigus dor Righi freguensyyo pubsignals R8Q3kLT he signal
may be a square wave and the feature extractor may be an edge detector. [0010] It is thus a feature of

at least ofE9BfSE8iment of the invention to provide a system working with common square wave
inputs US'ngoa]rotsp&t;fﬁaduwm&@@rei@m&}a}hﬂimw@ammﬂn@meea tidequmegsuring the
period of the SI al and an |nv rter convertln ﬁrlod to f ue géﬁ‘aquzfltlt IS thus a feature of at

least one“é‘?ﬁ‘é 18 B tEHVEAT cﬁ"%Sgaap%I%/% “ ¢ hre exu

uency &gnaﬁ?or more intuitive
filtered oudpusi fydnera i@qﬂmdcg&umdﬁ”simdxgmuelgedemaliy,stgmﬂﬁemgdcah wmeeusysefare the inversion

process 1o act 191'158& thW{% rﬁcgie dlﬁFF act%? 4] é%)vlz &The t{n?i?% % nct(f:(l)?lc E(z):\c/)l (')}g a
perlodlc ccloclglagnaf:communlc Ing w a counter Cc untlng I’IO S|gna etween
detectiontetgmngtis] franeh ah@s@aafmtg@ives the output to reduce hlgh frequency ﬂuctuatlons in the
output value to provide a measurement output for monitoring frequency of the signal.
[0008] It is thus a feature of at least one embodiment of the invention to provide a frequency-
measuring device that may automatically accommodate a wide range of input signal {requencies
without the need for manual or semiautomatic adjustment. The filter smoothly compensates for
quantization error that would otherwise decrease the resolution of frequency measurement using
the period monitoring technique for high frequency input signals.
[0009] The signal may be a square wave and the feature extractor may be an edge detector.
[0010] It is thus a feature of at least one embodiment of the invention to provide a system
working with common square wave inputs using a robust feature extractor.
[0011] The timer system may include a timer measuring the period of the signal and an
inverter converting the period to frequency.
[0012] Histhus a feature of at least one embodiment of the invention to apply the filter
directly to a frequency signal for more intuitive filtered output when frequency is desired. More
generally, the filtering can occur before the inversion process to act directly on the deduced
signal period.
[0013] The timer may be a clock providing a periodic clock signal communicatimg with a

counter counting the periodic clock signal between detection signals from the signal feature



extractor identifying a regular feature of the signal. The output of the timer may be a digital word and
the low pass filter is a digital low pass filter. [0014] It is thus a feature of at least one embodiment of
the invention to provide a digital domain system that may be readily implemented with digital logic.
[0015] Alternatively the output of the timer may be an analog voltage and a low pass filter is an analog
low pass filter. [0016] It is thus a feature of at least one embodiment of the invention to provide a
versatile system that may be implemented in analog or a combination of analog and digital circuitry.
[0017] The frequency monitor may further include input to the low pass filter adjusting a corner
frequency.afdhier lRinaassdiltesc (0818 dirs dhus aifeatumebatjeastneeamnbagimentnfthe invention

to permit adjyst entf the user b.aseéj on nticipqg%ciﬁrates of change of frequency to effect a flexible
trade-off }3’8{1\% r%tpé: 8%@3?5@&1&138% 1 gfﬁgr’ﬁ P&&hoh¥e. It is a further feature of some embodiments

of the invi@atiah tdtpsakidindeatfittesing khnaise dhbbdiaycalskd assof@uisesdndba primary signal.
[0019] N merous o%heEﬁgt%%Jregé (lg%'gqtsi }%ngle r%gvtagt%%g%f)f. ttm dpresent invention will be made
apparent from Ii‘lhé/sftoﬁ'%)wmg Jeale (Jgscrl% i0h taken oge%her With the drawing figures. BRIEF
DESCRIPHION OH & RAWINGSt {00RO0]ifig. raista: sinyplifieg\pbrspectivel vvepasi @cindustrial

control, p&{'%g](g upit Bg@yiﬁij&g a housing that may hold multiple input/output modules for
communication bgetween an industrial process and an industrial control system, one input/output

module pidVilinglirsdbiese{eatersiedrindeat coxopmp edithenp pd shatrieetiniote, oW asematitoring a
frequencyQf A, faphameteridQPatd fig i3 Badyork diagamieh ielundionpkcamrapents of the

frequency-monitoring module of Fig. 1 showing a feature extractor, a timer, an inverter, and a low pass
filter; (0022 Fibs. 3¢ Brtlsh BraHIhWY Sy e sdapifdehe detopandHEd Witk agraph of the
resulting iRy R tRa Sl e¢iangythrdnyerer for an input signal having a relatively low frequency
relative to an internal clock; ) X , o

[60 It is thus a feature of at least one embodiment of the invention to permit adjustment by

the user based on anticipated rates of change of frequency to effect a flexible trade-off between

resolution and measurement response. It is a further feature of some embodiments of the

invention to providing a filtering of noise that may cause loss of pulses in the primary signal.

f0019] Numerous other features, objects and advantages of the present invention will be made

apparent from the following detailed description taken together with the drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]1 Fig. 1 is a simplified perspective view of an industrial control, point /O unit providing
a housing that may hold multiple input/output modules for communication between an industrial
process and an industrial control system, one input/output module providing frequency
monitoring according to the present invention, shown as monitoring a frequency of a tachometer; 7
[0021] Fig. 2 is a block diagram of the functional components of the frequency-monitoring
module of Fig. 1 showing a feature extractor, a timer, an inverter, and a low pass filter;

[0022] Figs. 3 is a graph of an input signal to the feature extractor aligned with a graph of the
resulting output of the clock and the inverter for an input signal having a relatively low
frequency relative to an internal clock;

[0023] Fig. 4 is a figure similar to that of Fig. 3 for an input signal having a relatively high
frequency relative to the internal clock; and

[0024] Fig. 5 is a fragmentary view of the block diagram of Fig. 2 showing adjustment of the

filter corner frequency and its effect on output responsiveness.



[0023] Fig. 4 is a figure similar to that of Fig. 3 for an input signal having a relatively high frequency
relative to the internal clock; and [0024] Fig. 5 is a fragmentary view of the block diagram of Fig. 2
showing adjustment of the filter corner frequency and its effect on output responsiveness. DETAILED
DESCRIPTION OF THE INVENTION [0025] Referring now to Fig. 1, an industrial control 1/0O unit 10
may provide for a housing 12 holding multiple modules 14 including those supporting terminal blocks,
input and output circuits, power supplies, and network communication devices. Each of these modules
14 may communicate on a common backplane 15 distributing power to the modules 14 and providing
a communication path for data HeEVedn BieDESAdHERTIO M ieFhEiadiVIs TIONInit 10 and a remote
industrial BBEHOI Qe%te_rr& r%%t sgol\_zvr;) Ivigl an tqvtvroar# con rpHBicatitc?rb deE}/iceréi;O{PZf%]rAﬁre uency
monitorinb moJJIuIe " y rEcaive an’lr?pbt gl‘gﬁa Cfél, or exélﬁ%pe a Sgdiare Wave or othe periodic
signal froheldensund tgicoontdiie d4equipdrenthdor exgmmpiesddacinehidteks I8 whickd pngwides signal 16
whose freguengcy. . in.or I ] r e hed to a
otating g e o e T e R e .
[0027] Refapirignisoin 16 Fipranivebhpbolagighaidisriveinb@oece iadopedidetd feanspatshinain the
module 14, that mav Griasta: eaviaeatus: framibe 1aRHE signakl Guelaterh fo heaarieg gt the input
signal 16. In the case of a square wave input signal 16, the feature extractor is preferably a rising edge
detector dtBEHGCRHThY EaFeDZ PN sqaaracitark SrmBTHERtE¢¥1$e16. It will be appreciated
that otherdeagyre £xtracHAN SYSIaRS DA heLrovidedferexample: thoss detestingzgre £rossing of
the signal 16 or particular levels of voltage or current of the signal 16 that can be used for other signal
types incRIEHHG B Wat/8s: A R LRSS ﬁfh%ﬁ%ﬂglﬁé PHRBBERS M PERRIF of a type
known in ¢he@ankteguewnpidiupien amplitiass forampRlifiiagte ihpuisignaldoasiamnatiegaimcontrol

circuits for adjusting the amplitude of the ingut signal. 16, filters for removing noise from the input signal
6. et (L GBS AP P (LB duTPL BP0 s b G st SRS S Bimciiont
with the detbetivddeatsme andptial padsies artihisr RGand to an inverter 28. The timer 26 may comprise
a clock si enerator 30 producing, a.reqular trai pulses 32 at a,predefined and substantially
constant oo T e S I B S e B e
pulses 32hf002} T hé' fuises Pexbhthe featinderadtom2bampbe appliéddettdda dsepdnpdrdf the

counter 34 S0, [0ALESATE GRUNHNASAN ZRIQALING AGSUYERSE BT BaGRArUaciRd dqture. The pulses

24 may also go to the inverter which may serve to capture and invert the output 36 of the counter 34
immediatelyPrafdreitigneedic trgsiothéctisin B atiian ofee ANk ias whrstery byl input

signals 16. It will be appreciated that other feature extraction systems may be provided, for

example those detecting zero crossing of the signal 16 or particular levels of voltage or current of
the signal 16 that can be used for other signal types including sine waves. The feature extractor
20 may include preprocessing circuitry of a type known in the art including buffer amplifiers for
amplifying the input signal 16, automatic gain control circuits for adjusting the amplitude of the
input signal 16, filters for removing noise from the input signal 16, and the like.

[0028] An output of the feature extractor 20) may be a series of pulses 24 coincident with the
detective feature and that pass to a timer 26 and to an inverter 28. The timer 26 may comprise a
clock signal generator 30 producing a regular train of pulses 32 at a predefined and substantially
constant frequency that are applied to the clock input of a standard digital counter 34 counting
those pulses 32,

[0029] The pulses 24 of the feature extractor 20 may be applied to the reset input of the
counter 34 so that it starts counting from zero at the occurrence of each extracted feature. The
pulses 24 may also go to the inverter which may serve to capture and invert the output 36 of the

counter 34 immediately before it is reset, Thus, the time between the features extracted by the



feature extractor 20 (and hence the time period of the input signal 16) may be captured and received
by the inverter 28. Generally, the output of the counter 34, in this embodiment, will be a digital word
expressed by binary bits each represented by a voltage level. [0030] Inverter 28 performs an
arithmetical inversion (as opposed to a Boolean inversion) on the output 36 to provide a measured
frequency output 38 which may also be a digital word. Inverter 28 thus converts period to frequency
according to a well-understood formula. [0031] The output of the inverter 28 representing frequency is
provided to a low pass filter 40 which performs a time domain low pass filtering of the measured
frequencycouipuixd8cibh2inmesshred: tequen gy intpdti38inplk besanmeled bpihedonepass filter 40 at
the same rate as.the clock 30 as synchronized by clock line 41. As, will be. understood to thqse of
ordinaty S VU e T S Sa e e S Bt e B PR I
and thus aviiendvtopags sied Ichbhmgestofstir mepsutettdrbgaentyssutpit. 38 and suppress rapid
changes Rhif MERHEIL SOOI ERIR OUAPSS IIS1.48 A BaI iaRIGLR four bole
infinite impulsée response filter. [0032] Referring now to Fig. 3, when the frequency of the input signal
16 is relativalyBlowq & Presidtvanershiecpdileasespy st itiBehchvalsobste d@aalifeiécumulate to a
re'at've'ymm&aig%QW@MQJ%%@%@%&&M@% wdiswilceisesaRRg{o a reduced value
u

of the measured frequency output 38a. Further, the calculation of frequency (for example indicated by
a measul88téquekcgbuting Be#) miFbe uF e PEREITERP oY rate ey IBrIVRIE l8 8 ersT EGdancy

samples 4R peribing GhARYEIRAMEAHESH fraalenonombt 28 atthersigpalptbsd himslowly
changing measured frequency output 38 when received by the low pass filter 40 will %ass generally

unaffected ¥ PBttied s cs PR fr8qU A BapLbY P proviams Rith 1 sATR&aS e ent of the
frequencyleéitis® inpuhsigoakdé bGapekdllyeany ereridbdntkermedsured dseduediay-wilkitevery low
and is exa g[erated in Fi%S for illustrative gur ose;. 0033 Referri%l% no%/v to Fi(_i;. 4€{i conr]rlast to the
situation ’pl{():WeHaﬁ Hbe fgr%li(éé?\l}%w ﬁll?zf %%%8‘6]03}’6 Fﬁlﬁ £ f&ﬂ%]ll SWillpr&atice” Ve

produce rely |ve1y low
maximunteadunpesitplot-3aaard cHrtre spendiag) iydaigner mepsulgdfdegupnrscy wptpuh88as tThrshort

counting fime, o 1. GoUnier ik ekl i aler fisdkeney BI samples 42 andl alsq e mposition of
an error lever 46 Ji ter caugeél“gyt e hlgﬁ quantization error the count g process in’proportion to the
total countnplen rthsecssaifiier truncated at a low value. The error level 46 will be higher in amplitude

and at a ighey rearenay fanihe.Lor iRyt adol fe Jorfiisigan Aeindetstapdinyiivgly, for

example, by considering when the clock frequency of the clock signal"generator 30 represented by

pulses 324 IBIgE to thEgragseinty) HrRBmpb GO st coedaBthy Eowstovatiaée ik ficietials Hekveen

zero and G- 'SRILSEBHBLLER LIRSl #6:01A00 Rercani JHISHH 16 vakat.dowryess il be at a
high frequency because of the relatively frequent resetting of the counter 34 such %?é)roduces a

sample 42caethiisarsacsrrnetabuctiniise fessalratrBonnt fsarpassitieraned protratsd Bsmooth

ﬁor;]eCte%fﬁeé&u@f@amqt@u&flauwﬁhlzeg%Jbﬁtafm{lyfﬁrﬁ%;@l@de@r[@wImtb@kélﬁra{ﬁddmgthﬂ\ﬂ@gugﬁwcitg a
igher resolutjon. [0034] Importantly, the action of the filter 40 is substantially automatic, without the
need to asr‘i‘ﬁé?b%?t‘e‘%%s BB G SF ther IS ET S hr e SPts Hirakd bt ?ﬁi&ﬁi‘ﬁﬁ trﬂ“ﬁwﬁ%‘é’ ing

techniquehanging measured frequency output 38 when received by the low pass filter 40 will pass
generally unaffected to produce a corrected frequency output 47 providing high resolution
measurement of the frequency of the input signal 16. Generally any error 46 in the measured
frequency will be very low and is exaggerated in Fig. 3 for illustrative purposes.
[0033] Referring now to Fig. 4, in contrast to the situation depicted in Fig. 3, relatively high
frequency of input signal 16 will produce relatively low maximum count output 36a and
correspondingly higher measured frequency output 38a. The short counting time of the counter
34 will result in higher frequency of samples 42 and also the imposition of an error level 46 jitter
caused by the high quantization error of the counting process in proportion to the total count
when the count is truncated at a low value. The error level 46 will be higher in amplitude and at

a higher frequency than the error level 46 of Fig. 3. This can be understood intuitively, for



[0035] Referring now to Fig. 5, the corner frequency of the low pass filter 40 will generally be set many
decades below the frequency of the pulses 32 depending on the responsiveness desired from the
frequency monitoring module 14' (for example, there may be as many as four decades between the
corner frequency and the frequency of the clock 30). In addition, a user input 50 may be provided to
the filter 40 to adjust the corner frequency 52 of the filter between corner frequency 52 and corner
frequency 52'. Alternatively, digital filter constants may be adjusted while leaving the filter sample rate
50 the same. This adjustment can affect the filter output dither, but will primarily affect the speed at
which the:caimgeted fragiknty: muﬁékmmﬂqaag@aﬁdagmhn@ﬁbgmmsidmmjﬁaswﬂm the
frequency of the in ut i ected. tg chan e ra I era her rf equency 52'
will provig’g B redsuceg agjuslt?nt?al% ti Eeq:ﬂ miI 16 'CBiTects #gﬁll(}%éerﬁ%%ﬁgu r?t]fta WH ut?elf‘eré is a step
increase betvdeoreasepihdherfreguatioy of ﬂn@meaétﬁfedf dighatt6énin Contrast, lavdwer corner

frequency, peill Rrgvide a, (?&%tﬂ%h‘&e%@;%‘é% IMRYAMS ég’hl\pe De:G EEPESQJ{ ?I'El%??%/cg %Ré%t / when

there is a step increase (or decrease) In‘the frequency of t emeas red signa 0036] Referring still

to Fig. 5, iitinI115b@1%b{?l@cﬁéﬂé@thét-tﬁédc@lﬁt@sﬁlah@‘rﬁ%@té’iﬂbbméd#tpiéﬁﬂém@ésﬁ)ﬁl%@ralog
circuitry (fr8%2500le HSIRG AN IMEILAREANRA & OapRthmic RSN QLIS RvRrdiarrapagmagt using

digital and analog components and/or can produce analog counter output 36' and analog measured
frequency WUt ISR RRiHE A ERET HOAy R implemented using various analog rather than digital

techniquegoar exapoRie HIaIROMMET OUIRUERE Qb IR\QHREAUIRU3SH&aKId RRoladHORAIAL and

subsequently provided to an analog filter. [0037 Various other embodiments of the invention are
contemp@%aaf%%@ﬁﬁ%ﬂmﬁ%ﬁét&&%@lbﬁ% O SRGBIAHE S HRTE AR TARYB8 and distinctly
claiming teehstthiect matter regarded as the invention. CLAIMS What is claimed is: 1. A frequency

monitor C[%ngsmfge:t%gi é) 1lljfgvtl()‘[r6r 1cg:,e|‘3y q'ge %o%n%gguggcg‘ gia %urow pass filter 40 will generally be
set many decades below the frequency of the pulses 32 depending on the responsiveness desired
from the frequency monitoring module 14' (for example, there may be as many as four decades
between the corner frequency and the frequency of the clock 30 ). In addition, a user input 50
may be provided to the filter 40 to adjust the corner frequency 52 of the filter between corner
frequency 52 and corner frequency 52'. Alternatively, digital filter constants may be adjusted
while leaving the filter sample rate 50 the same. This adjustment can affect the filter output
dither, but will primarily affect the speed at which the corrected frequency output 47 may change
and is an important consideration when the frequency of the input signal 16 is expected to
change rapidly. Generally a higher corner frequency 52" will provide a reduced adjustment time
54 in the corrected frequency output 47 when there is a step increase {or decrease) in the
frequency of the measured signal 16. In contrast, a lower corner frequency 52 will provide a
lengthened adjustment time 56 in the corrected frequency output 47 when there is a step increase
(or decrease) in the frequency of the measured signal 16.
[0036] Referring still to Fig. 5, it will be appreciated that the counter 34 and inverter 28 may
be implemented by analog circuitry (for example, using an integrator and a logarithmic inverter)
or the hybrid arrangement using digital and analog components and/or can produce analog
counter output 36' and analog measured frequency output 38' permitting the filter 40 to be
implemented using various analog rather than digital techniques, For example, the counter
output 36 or inverted output 38 could be fed to a DAC and subsequently provided to an analog

filter.



a signal feature extractor identifying a regular feature of the signal related to the signal's period,; a
timer system communicating with the signal feature extractor to provide an output being a function of
period of the signal; and a low pass filter receiving the output to reduce high frequency fluctuations
in the output value to provide a measurement output for monitoring frequency of the signal. 2. The
frequency monitor of claim 1 wherein the signal is a square wave and the feature extractor is an edge
detector. 3. The frequency monitor of claim | or 2 wherein the timer system includes a time
measuring the period of the signal and an inverter converting the period to frequency. 4. The
frequencyaiatitoveficlaimbznvehéral imihe i drcl snaceloek provdingdapetiodicicloekisigia scope
communicating. with a counter counting. the. periodic clack signal between.detection signals from the
ol Teat T B R R o S T SR SR o of i
4 whereimchedsdtputhefitiventioek is a digital word and the low pass filter is a digital low pass filter.

6. The frequency monitor of claim 4 wherein the output of the clock is an analog voltage and a low
pass filter is an analog low pass filter.



7. The frequency monitor of any of the preceding claims further including an input to the low pass filter
adjusting a corner frequency of the low pass filter. 8.The frequency monitor of any of the preceding
claims wherein the low pass filter is a four-pole infinite impulse response filter. 9.A method of
monitoring frequency comprising the steps of: (a) receiving at an input a signal to be measured,;
(b) extracting from the signal regular features of the signal related to the signal's period; (c)
measuring a period of the signal as demarcated by the regular features and outputting an output being
a function of period of the signal; and (d) filtering the output to reduce high frequency fluctuations
in the output to provide a measurement output reptésdidiig a frequency of the signal.

What is claimed is:

1. A frequency monitor comprising;

an input for receiving a signal to be measured;

a signal feature extractor identifying a regular feature of the signal related to the signal's
period;

a timer system communicating with the signal feature extractor to provide an output
being a function of period of the signal; and

a low pass filter receiving the output to reduce high frequency fluctuations in the output

value to provide a measurement output for monitoring frequency of the signal.

2. The frequency monitor of claim 1 wherein the signal is a square wave and the

feature extractor is an edge detector.

3. The frequency monitor of claim 1 or 2 wherein the timer system includes a timer

measuring the period of the signal and an inverter converting the period to frequency.

4. The frequency monitor of claim 3 wherein the timer is a clock providing a
periodic clock signal communicating with a counter counting the periodic clock signal between

detection signals from the signal feature extractor identifying a regular feature of the signal.

3. The frequency monitor of claim 4 wherein the output of the clock is a digital word

and the low pass filter is a digital low pass filter.

6. The frequency monitor of claim 4 wheremn the output of the clock is an analog

voltage and a low pass filter is an analog low pass filter.

7. The frequency monitor of any of the preceding claims further including an input

to the low pass filter adjusting a corner frequency of the low pass filter.



10.The method of claim 9 wherein the signal is a square wave and the regular feature is an edge of
the square wave. 11.The method of claim 9 or 10 wherein the output signal being a function of the
period of the signal is a frequency of the measured signal derived from an inversion of the period of
the measured signal. 12. The method of any of claim 9 - 11 wherein the period of the signal is
obtained by providing a periodic clock signal to a counter counting the periodic clock signal's regular
features of the signal. 13. The method of claim 12 wherein the output of the clock is a digital word
and the filterin%is done with a digital low pass filter. 14. The method of claim 12 wherein the

output of the clock is AREAFIUTFOMEGE U 9 AR e dbteclpiiisabhareiioGadariness fiker. 15,
The methadwi-gny.ahtlaionSpldsvnepetndhnditering is done with a low pass filter including the step of

adjusting a comer frequency of the low pass filter.
9. A method of monttoring frequency comprising the steps of:
(a) recetving at an input a signal to be measured;
(b) extracting from the signal regular features of the signal related to the signal's period;
(¢} measuring a period of the signal as demarcated by the regular features and outputting
an output being a function of period of the.signéi; and
(d) filtering the output to reduce high frequency fluctuations in the output to provide a

measurement output representing a frequency of the signal.

10.  The method of claim 9 wherein the signal is a square wave and the regular feature

is an edge of the square wave.

11.  The method of claim 9 or 10 wherein the output signal being a function of the
period of the signal is a frequency of the measured signal derived from an inversion of the period

of the measured signal.

12, The method of any of ¢laim 9 - 11 wherein the period of the signal is obtained by
providing a periodic clock signal to a counter counting the periodic clock signal’s regular

{eatures of the signal.

13.  The method of claim 12 wherein the output of the clock is a digital word and the

filtering is done with a digital low pass filter.

14.  The method of claim 12 wherein the output of the clock is an analog voltage and

the filtering is done with an analog low pass filter.

15.  The method of any of claim 9 -14 wherein the filtering is done with a Jow pass

filter including the step of adjusting a corner frequency of the low pass filter.



16. The method of claim 15 wherein the low pass filter is a four-pole infinite impulse response filter.
17. An input module for an industrial control system providing a housing with a backplane providing
power and data communication between multiple modules fitting within the housing; the input module
comprising: an input for receiving a signal to be measured; a signal feature extractor circuit
identifying a regular feature of the signal related to the signal's period; a timer system circuit
communicating with the signal feature extractor to provide an output being a function of period of the
signal; a low pass filter circuit receivigé? the output to reduce high frequency fluctuations in the

output value to Providda sl e et buthrar MeMibmis feGtafroritrdedifinite amgulse an

output tesgpinakepmmunicating with a backplane of the housing of the industrial controller for
transmitting the measurement output thereon.

17.  An input module for an industrial control system providing a housing with a
backplane providing power and data communication between multiple modules fitting within the
housing; the input module comprising:

an input for receiving a signal to be measured;

a signal feature extractor circuit identifying a regular feature of the signal related to the
signal's period;

a timer system circuit communicating with the signal feature extractor to provide an
output being a function of period of the signal;

a low pass filter circuit receiving the output to reduce high frequency fluctuations m the
output value to provide a measurement output for monitoring frequency of the signal; and

an output terminal communicating with a backplane of the housing of the industrial

controller for transmitting the measurement output thereon.
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