ELECTRONICS AND ELECTRICAL ENGINEERING

ISSN 1392 - 1215

2007. Nr. 4(76)

ELEKTRONIKA IR ELEKTROTECHNIKA

SIGNAL TECHNOLOGY

T121

SIGNALU TECHNOLOGI1JA

Digital Measurement of Frequency with Linear Interpolation

in Dynamic States

L. Referowski, D. Swisulski

Faculty of Electrical and Control Engineering, Gdansk University of Technology,
Narutowicza 11/12, 80-952 Gdansk, Poland, phone: +48 58 3471726, e-mail: Imreferowski@wp.pl, dswis@ely.pg.gda.pl

Introduction

Frequency modulated pulse signals are often used in

measuring channels [1] as they can be converted into
digital form in easy way and are more resistant against
disturbances especially in case of long distance
transmission [2]. A counter converts the analogue signal to
digital form therefore the resolution depends on the
capacity of the counter and the interval of measurement.
A counter with a great capacity, by selecting suitable
gating time, makes in easy way a transducer of 16 bits or
more. It is difficult to obtain transducers with the same
resolution in the case of voltage signal. The advantage of
f/C conversion in comparison with A/C conversion is the
possibility of easy access to standards of high accuracy.

Digital frequency measurements of small values of
frequency are based on the measurement of the period of
the investigated signal. It can be determined by the
counting of pulses of the standard frequency generator in
the time window defined by the measured period or its
multiple [3]. The result of measurement corresponds to the
mean value of frequency in the defined time window. In
these measurements the instant which starts the
measurement depends on the position of the slope of the
measured signal. For this reason it is impossible to
compare the results of measurements in different
measuring channels especially frequency and voltage
channels. When the frequency of the signal changes in
time of measurement the results are delivered in different
intervals and therefore it is impossible to calculate Fourier
transform. In this case it is recommended to use the linear
interpolation. In the paper are presented two such methods.

On-line mode

The first method is used in an on-line mode [4]. When
the value of frequency is determined in instant #, one has
only information of instants pulses preceding instant #.

The value of frequency f; in the instant 7, can be
calculated as f” (formula 1) by extrapolation the periods
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preceding instant 7, (Fig. 1).
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The formula (1) is valid in assumption that the
frequency varies in linear mode i.e. the computed value of
frequency is equal to the value of frequency in the centre
of examined period.

Practically two counters are wused for the
measurement. The first one works in a buffer mode and
measures intervals between the pulses of the same signal.
Therefore for arbitrary instant in the memory are registered
all previous intervals between pulses of measured signal.
The second counter registered the intervals of pulses of
different signals. It measures interval 7} between the last
pulse of pulse signal and the pulse determining the instant
of measurement #,. The value of frequency in the instant of



t, is calculated basing on the values of last periods 7;.; and
T; and interval T} according to the formula
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Off-line mode

The second method is used in an off-line mode [5]. In
the first step one defines and registers the positions of
pulses of measured signal. Then the value of frequency is
computed for chosen instants. For the arbitrary chosen
instant of frequency the position of pulses preceding and
following this instant is well known.

The value of frequency f; in the instant #; can be
calculated from two successive periods in assumption that
the frequency has changed in linear mode. Depending on
the instant of # these periods are T; and T}, for calculation
frequency f; or 7,4 and T}, for frequency 7 (Fig. 2).
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Fig. 2. Frequency measurement from two periods

In the case ZT/ <t < ZT/ +17, frequency f;
= =l

(Fig. 2) is calculate according to the formula

2(f1-+1—f,-)(rk— Tj—;TiJ
= e 3
£+ 7 3)

while in the case ZT/ +iT,, <t, <ZT./' frequency f7;
j=1 J=1
(Fig. 2) is calculated according to the formula
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For one measuring channel with frequency carrier
complete measuring cycle is realised by two counters
working in continuous buffered mode. The first one counts
pulses of standard signal in meantime of consecutive
periods of pulse signal, and loads them to the memory. The
second counter counts the pulses of standard signal in the
instants between the pulse determining the instant of
sampling and the next pulse of measured signal.

In the instant of measurement the number of last
measured period is registered in the memory (the number
of measured periods up to the instant of given sampling
pulse).

After the end of measuring cycle in the memory are
registered three one dimensional table for simple
measuring channel:

e numbers of pulse signal in instants of strobe pulses: aj,
ayy ..y Ay

o length of periods of the measured signal: Ty, 75, ..., T,,

e intervals between the sampling pulse and the nearest
pulse of measured signal: 7;, o, ..., 7,

The first two tables have the same numbers of
elements m. The third table has the same number of
elements as the two first tables (p =m) in the case when
the longest period of pulse signal is equal or less than the
periods of sampling (max 7; < T,) as presented in Fig. 3.
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Fig. 3. Sampling for max 7; < T

Whereas, if the longest period of pulse signal is
greater than the sampling period (max T;> Ty), the third
table could have less elements than the two first (p < m). It
is the result of working mode of counters measuring
intervals between pulses of different signals. After the
pulse of the first signal initiating the measurement the
measuring cycle is finished in the instant of the first pulse
of the second signal regardless of the successive pulses that
can appear in the first signal (Fig. 4).
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Fig. 4. Sampling for max 7;> T

Omitted intervals 7; between both the signals must be
taken into consideration, therefore in the third table in the
place of individual element 7; for 7;,> 7, w elements 7’;,
7’y, ..., T, are inserted (Fig. 5), where:
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and trunc[x] is integer of number x.
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Fig. 5. Conversion of table 7,

In that way table 7, 7, ... , is created 7,, with m
elements, where successive values represent interval
between every sampling pulse and the nearest pulse of
pulse signal.

The value of frequency f; of pulse signal in the
instant of £ pulse of sampling signal is computed from
formulae (3) and (4) taking into consideration two periods
(Tak i Tak+ orT ) and interval Tap , where a; is

ap+1
index of period which precedes sampling s1gnal.
For Ty 2 ir frequency f; is calculated from

a+2
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In this way one dimensional table is created for the
specific channel with the values of frequency in the
instants of sampling: f}, f5, ..., fu-

The numbers of investigated channels can be greater
than one and is only restricted by the numbers of counters
(there must be two counters for individual channel).

Simulation of frequency measurements
Consider a measured signal f expressed by formula

(9) that fluctuates in sinusoidal way with a frequency f;;,,
immersed in a noise in the time of measurement [4]

f=fy+f, -sin(2af,, 1)+ noise, )

where f; — constant component of frequency of pulse signal
£, fn — amplitude of deV1at10n of pulse signal frequency f.

For the instant t, = ZT +17, the value of frequency
Jj=1
is expressed as
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After transformation equation (11) is obtained in form
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From this equation it is possible to compute the
values of successive intervals between the pulses 7; of
measured signal.

In the Fig. 6 distribution of errors is presented for
sinusoidal fluctuation of the pulse signal in the case of

fo=20Hz, f,=2Hz, f;,=0,3Hz, noiseyn,=0,001 Hz
and sampling frequency f; = 50 Hz.
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Fig. 6. Errors Af, distribution for fy=20Hz, f,=2Hz,
fin=0,3 Hz, n0oiseny = 0,001 Hz and fo=50Hz;

a — measurement from last time interval, b — measurement from
two last intervals
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Fig. 7. Errors Af, distribution for fy=20Hz, f,=2Hz,
fsin=0,3 Hz, noisey,, = 0,1 Hz and f; = 50 Hz; a — measurement
from last time interval, b — measurement from two last intervals

The distribution of errors in the case of the same
parameters as in Fig. 6 but for noisey,=0,1 Hz is
presented in the Fig. 7.

Comparing Figs. 6 and 7 one can ascertain that for
the linear changes of frequency the method of computing
the frequency from two last pulses intervals enables to
obtain good results in case of small changes of measured
frequency. For the great values of noise this method can
even worsen the accuracy of measurements.
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Digital frequency measurements of small values of frequency are based on the measurement of the period of investigated signal. The
result of measurement corresponds to the mean value of frequency in the defined time window. The instants which start the
measurement depend on the position of the slope of the measured signal. For this reason it is impossible to compare the results of
measurements in different measuring channels or to compare the results from frequency channels and voltage channels. The results are
delivered in different intervals and therefore it is impossible to calculate Fourier transform. Good results can assure the linear
interpolation. In the paper two methods (on-line and oft-line mode) realized with buffered counters are presented. The simulation proves
that good results of measurements can be obtained in case of a little amount of noises in the measured signal. Ill. 7, bibl. 5 (in English;
summaries in English, Russian and Lithuanian).

JI. PedepoBckuid, . CBucyiabckuii. llngposbie n3MepeHus 4acToThl ¢ JUHEHHOI HHTepnosLUell B TMHAMUYECKUX MCTeHax //
DJIeKTPOHUKA M dj1eKTpoTexHuka. — Kaynac: Texnonorus, 2007. — Ne 4(76). — C. 47-50.

[Mudpossle n3MepeHus CUTHANA U MaJIbIX BEJTMYHH YacTOTHI, OCHOBAHBI HA M3MEPEHHUH €To Ieproja. Pe3ynpraT n3MepeHus — 3To
CpeHsAs BeJMYMHA YacTOThl B ONpPENCIEHHOM Ipejene yaca. MOMEHTBI, B KOTOPhIX HA4MHAETCS M3MEPEHUE, 3aBUCAT OT MO3ULUH
CKJIOHa U3MEPEHHOro curHana. I1o03ToMy HEBO3MOXKO CPaBHUTh pe3yJIbTaThl U3MEPEHUS B PAa3HBIX KaHAJIaX WM pe3ysbTaTbl U3MEPECHUM
B KaHajlax 4YacTOThl U HamnpspkeHHsA. Pe3ynpTaTel NoNydaroTcs B pasHbIX [EpPUOJAaX M II0ATOMY HEBO3MOXKHO BBIYHUCIUTH
tpancdopmanmo Pypbe. Xopoume pe3yabTaTbl BO3MOXKHO MOITYYUTh UCIIONB3YS JIMHEHHYI0 MHTEPIOIALMIO. B cTaTbe npeacTaBiieHbl
nBa Merona (oH-iaH M od(-naH) cBsi3aHHBIE ¢ OydepHbIMH CUETUMKAMM. Pe3ysbTaThl CHMYJISILMM IIOKA3BIBAIOT, YTO XOpOIINE
Pe3yJIbTaThl N3MEPEHHS MOXKHO MOTYyYUTh IIPU MAJIOM IIyMe B HCCIEHOBAaHHOM curHaine. Mn. 7, 6ubn. 5 (Ha aHINIMICKOM, PyCCKOM M
JIUTOBCKOM S13.).

L. Referowski, D. Swisulski. Skaitmeninis daZnio matavimas naudojant tiesin¢ interpoliacija dinaminése sistemose //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2007. — Nr. 4(76). — P. 47-50.

I$nagrinétas skaitmeninio signalo matavimas, esant mazoms daznio reikSméms, pagristas tiriamojo signalo periodo matavimu.
Matavimo rezultata atitinka vidutiné daznio reik§mé tam tikru laiko momentu. Momentai, kuriais prasideda matavimai, priklauso nuo
matuojamojo signalo formos. D¢l §ios priezasties neijmanoma palyginti skirtinguose kanaluose arba daznio ir jtampos kanaluose atlikty
matavimy rezultaty. Rezultatai gaunami ir apdorojami skirtingais laiko momentais, tafiau Furjé transformacijos neimanoma
apskaiciuoti. Naudojant tiesing interpoliacija galima tikétis gery rezultaty. ISnagrinéti du metodai, susij¢ su buferiniais skaitikliais.
Modeliavimo rezultatai rodo, kad geriausi matavimo rezultatai gaunami tik tada, kai matuojamame signale yra mazai triukSmy. I1. 7,
bibl. 5, (lietuviy kalba; santraukos angly, rusy ir lietuviy k.).
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