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Abstract

In modern diagnostics, much attention is paid to measuring of time parameters, as well as their change
over time. The purpose of this work is to develop a method for measuring of time intervals which made it
possible to increase the measurement accuracy by reducing errors associated with the instability of main
parameters of the pulse signal.

In the most of approaches used, the error associated with the instability of main parameters of sig-
nals under study is not enough taken into account. As an alternative, a spectral method is proposed in
which the measurement of time intervals, as well as their changes, is performed based on the analysis
of pulse sequences formed on the basis of characteristic points of the measured signal. For this a double
pulse sequence was considered, an equation for the amplitudes of its spectral components was obtained,
and in accordance with this it was determined that the delay time between double pulses is the most informa-
tive parameter.

Using the Mathcad software, an analysis of the sensitivity regions was carried out for the change in the
main parameters of the pulse sequence, namely the repetition rate, as the main destabilizing factor.

As a result of the implementation of the developed technique, a structural diagram of the measuring
system is proposed and an analysis of the measurement error associated with the instability of the main pa-
rameters of the pulse sequence is carried out. This error is estimated to be less than 0.01 %.

The considered method makes it possible to increase the accuracy of measuring time intervals due to the
almost complete elimination of the influence of the instability of the reference frequency and the amplitude
of the generated pulses which is unattainable with modern hardware, including digital signal processing.

Keywords: amplitude-frequency spectrum of a pulse sequence, discontinuous pulse sequence, error from
parameter instability, delay time in a pulse sequence.
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YBeJquueHue TOYHOCTH U3MEPEHUs BPEMEHHBIX TapaMeTpoB
CUI'HAJIOB C UCNOJIb30BAHUEM JIBOMHBIX UMITYJIbCHBIX
MnocJea0BaTe/ibHOCTEH
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W3mepenuto BpeMEHHBIX TapaMeTpoB, B TOM YHCIIE U UX MU3MEHEHHUIO, YAEIIeTCsl OONbLIIoe BHUMAaHUE
B COBPEMEHHOM auarHocTuke. Llenpio qanHoi padoThI sBIsUIach pa3paboTka METO1a M3MEPEHHsI BPEMEHHBIX
WHTEPBAJIOB, MO3BOJIMBLICTO YBEIMYUTH TOYHOCTb HM3MEPEHHUSI 3a CUET YMEHBIICHUS MOIPEIIHOCTEH,
CBSI3aHHBIX C HECTAOMIBHOCTBIO OCHOBHBIX TapaMETPOB UMITYJILCHOTO CHTHAJIA.

B OosibmMHCTBE MCMONB3yEMBIX IMOAXOMOB, MajO YYHMTBIBAETCS IIOIPEIIHOCTb, CBSI3aHHAS
C HeCTaOMIIBHOCTHIO OCHOBHBIX [TAPaMETPOB UCCIIEAYEMbIX CUTHANIOB. B KauecTBe ajbTepHATHBBI IPEATIOKEH
CHEKTpaJIbHBIA METOJ, NpU KOTOPOM HM3MEPEHHME BPEMEHHBIX HHTEPBAJIOB, a TAaKKE WX M3MCHEHHMS
NPOM3BOJMUTCS HAa OCHOBE aHalW3a MMIIYJIBCHBIX IOCIEeI0BATEILHOCTEH, C(HOPMHUPOBAHHBIX HAa
OCHOBE XapaKTepHBIX TOYEK H3MEpseMoro curuaia. s 3Toro paccMOTpeHa [BOWHAS HMITYJIbCHAs
MOCJIEe0BATENBHOCTD, MOJIYYEHO YpaBHEHUE MJsl aMIUIMTYJ €€ CHEKTPaJbHBIX COCTAaBIISIONIMX H,
B COOTBETCTBHU C DTHM, YCTaHOBJICHO, YTO BPEMS 3aJCPKKH MEXKIY IBOWHBIMH MMITYJbCAMH SIBISICTCS
HanOosee HHPOPMATHBHBIM APAMETPOM.

Hanee ¢ momompio 10 Mathcad npoBenén ananus obnactell 4yBCTBUTENBHOCTH Ha H3MEHEHHE
OCHOBHBIX ITaPAMETPOB UMITYJILCHON MOCIIEI0BATEIbHOCTH, & MMEHHO YacTOTHI CIIeJJOBAHUsI, KAK OCHOBHOT'O
JeCTaOMIM3UPYIOLIETO (haKTopa.

Kak pesynbrar peanusanuu pa3paboTaHHOH METOAMKH, MPEUIOKEHa CTPYKTypHas cxeMa H3MepH-
TEJILHOW CHCTEMBI M IPOAHAIN3UPOBAHA MOTPEIIHOCTh U3MEPEHNUs, CBA3aHHAS C HECTAOMIBHOCTHIO OCHOB-
HBIX [TAPaMETPOB UMITYJILCHOH MocieoBaTesibHOCTH. JaHHas norpemHocTs cocrasisieT meHee 0,01 %.

Takum 00pa3oM, PacCMOTPEHHBIH METOJ| MO3BOJIICT TOBBICUTH TOYHOCTh H3MEPEHHS BPEMEHHBIX
MHTEPBAJIOB 3a CUET MPAKTHYECKH TOJHOTO MCKIIOYEHUs BIMSHUS HECTAaOMIBHOCTH OMOPHOM YacTOTHI U
aMIUTUTYABl (OPMHUPYEMBIX HMITYJIBCOB, YTO HEJOCTH)KMMO COBPEMEHHBIMH ammapaTHBIMH CPEICTBAMHU
B TOM YHCJIE U IpU HU(PPOBOH 00pabOTKE CUTHAJIOB.

KurloueBble cjioBa: aMIUIMTYIHO-9aCTOTHBIM CIIEKTP HMITYJIBCHON MOCIEIOBATEIbHOCTH, TPEPHIBUCTAS
MMITYJIbCHAsI TIOCJIEIOBATEIHFHOCTD, TIOTPEITHOCTh OT HECTAOMIBHOCTH TTApaMETPOB, BPEMS 3a/IEPKKH B UM-
ITyJIbCHOW TOCTIEI0BATEILHOCTH.
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Introduction

One of the most important problems of modern
instrumentation is the most reliable measurement
of the parameters of the processes under studys, i. e.
obtaining data with minimal error. And taking into
account the possibilities of the modern world, when
the parameters and characteristics under study are
minimized, this problem becomes more and more
urgent. This problem was not spared by the measure-
ment of various time parameters. So the measure-
ment of small time intervals requires not only a high
sensitivity of the measured parameters, but also a
minimum error from the instability of the generated
signals themselves. Measurement of changes in time
intervals is widely used for diagnostics of electrical
machines, measurement of phase shifts [1-3], de-
termining the distance to objects using radar [4, 5],
etc. Currently, there are a large number of methods
and techniques for measuring both the time intervals
themselves and their changes. Among them, there are
both classical approaches to measuring the duration
of a time interval by the method of discrete coun-
ting, which consists of comparing the measured time
interval with a discrete interval that reproduces a unit
of time [6], and more modern ones. So, for example,
a method for digital measurement of the duration of
time intervals, which consists of counting the num-
ber of quantizing pulses with a repetition period for
specified measurement intervals, when odd and even
separate measurement intervals are formed alterna-
ting with each other with durations correlated with
respect to the period and duration of pulses of the
input signal that accumulate the results of filling
individual measurement intervals with quantizing
pulses [7]. Or a method for measuring time intervals
between the moment of triggering the probing signal
and the center of the reflected signal, which consists
of receiving the reflected signal with subsequent
analog-to-digital conversion of this signal from the
moment of starting the probing signal, determining
the number of the element of the numerical array
corresponding to the center of the reflected signal,
and creation in its surroundings of the reference sig-
nals, which correspond in shape to the reflected one,
the center of each of which is shifted relative to the
center [8]. A method for measuring time intervals by
counting the number of periods of the reference ge-
nerator within the measured interval is also presen-
ted, in which, to increase the measurement resolu-
tion, along with the signal of the reference high-sta-

bility generator, the signal of an additional auxiliary
high-stability generator is used, which is converted
into a sawtooth voltage. Further, when processing
the signal, the voltage level corresponding to the
moment of intersection of the front of the measured
event and the front slope of the sawtooth voltage is
stored, and generate a sawtooth voltage signal cor-
responding to this level. Next, the number of pulses
is counted until the moment of coincidence of the
pulse front in the packet with the pulse front of the
reference generator, and the interval between the two
events is determined by the corresponding expres-
sion [9]. However, the presented methods have the
main drawback — this is a significant dependence of
the accuracy of measuring the time interval on the
technical parameters of the reference oscillators and
counters used in the hardware implementation.
When forming and converting pulse signals, it
is possible to achieve rather small values of errors.
For example, when shaping pulses using existing
software-controlled digital means, it is possible to
achieve amplitude instability of the order of 0.01 %,
and the instability of temporal parameters, such as
pulse duration, pulse repetition period, and others,
can reach 0.0001 %. All these parameters, as a rule,
are significantly lower than the instability of the mas-
ter frequency. So, if the measurement is organized
in modern equipment based on an industrial or any
other network, the instability of which can reach 1 %
or more', then all efforts should be directed prima-
rily at reducing the errors from this instability. In this
case, it is additionally desirable to reduce the error
from the instability of the generated pulses. The com-
monly accepted practice of measuring time intervals
involves the formation of pulse trains and measuring
the delay time between them [10]. However, all of
the above existing methods for measuring changes
in time parameters do not provide for taking into ac-
count the instability of the repetition rate of pulse se-
quences comparable to unstable network parameters.
The purpose of this work was to develop a
method for measuring the time intervals of the stu-
died pulse sequences, which significantly reduces the

"GOST 32144-2013  Elektricheskaya  energiya.
Sovmestimost' tekhnicheskikh sredstv elektromagnitnaya.
Normy kachestva elektricheskoy energii v sistemakh
elektrosnabzheniya obshchego naznacheniya. Vveden v
deystviye postanovleniyem Gosudarstvennogo komiteta
po standartizatsii Respubliki Belarus’ ot 12 marta 2015.
Ne 13 neposredstvenno v kachestve gosudarstvennogo
standarta Respubliki Belarus’ s 1 fevralya 2016.
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error associated with the instability of the driving
frequencies, including the study and diagnostics of
the state of the windings of electrical machines.

OcHoOBHAA 4YaCTh

After analyzing various sequences of pulses
with different time parameters, it was found that the
most optimal for achieving the goal is a complex dis-
continuous sequence consisting of two double rec-
tangular pulse sequences. The information parameter
for such a sequence will be the delay time between
two double sequences. In this case, it is necessary to
exclude or minimize the effect on the measurement
result of the instability of the repetition rate of these
sequences (for example, formed from the current
curve of the supply network), from the components
of which a pulse sequence is formed. Let us analyze
the composition of such a sequence, taking into ac-
count the amplitude E, the duration of the pulses in
the bursts #,,,, t,1», t,5, and t,,,, the repetition period
of the double sequences 7 and the delay time from
the beginning of the period: for the first pulse =0,
for the second pulse ¢ = T}, for the third pulse 7 =¢,,
and for the fourth pulse ¢t = ¢, +7,), (Figure 1a). Con-
sider our discontinuous pulse sequence as two inde-
pendent sequences (Figure 15 and 1¢) and set the fol-
lowing conditions:

= tl;

=L =l Tl

Ty =Ty =T,

.
A AR
[Toy 1
fin | | tiz
: 11—
To2 E
fin lin
ty 1 I
: L
b t

Figure 1 — Double pulse sequence: a — the discontinuous
pulse sequence under consideration; b — double pulse se-
quence no. 1; ¢ — double pulse sequence no. 2

Then, according to [11], the complex amplitude
of the n-th harmonic of each pulse sequence is de-
fined as:

For the first discontinuous sequence with pulses
1 and 2.
The equation for the first pulse has the form:

E (g imony,
Tnj

Y (1)

for the second pulse:

U= i(l-e'f”“’f Ye /10T
Ty

2
Considering that:

U,=U+U,;

so:

Izi(l_e-jn(l)l[)+£(1_e-jn0)l[)e-jl’l(l)TO —
Tnj Ty

Up

3)

(1= (e 10T,
oy

where E is the amplitude of the pulses; 7}, is the pe-
riod of pulses in the sequence; ¢ is the duration of
pulses; n is the number of the harmonic; o is cyclic
frequency, determined by the formula:

o=2n/T,

where 7 is the period of the pulse sequence.

If we take into account the displacement theo-
rem [11], then the equation for the second sequence
with pulses 3 and 4, equation (3) will have the form:

E it s -7
:Tc_nj(l_ejn(,l)ll)e _1nwtw+

Ups

+£(1 _ e—jnmtl- )e—jn(oTO e—jnu)tw _ 4
Tnj
E

nnj

- jnmt; -jnwTy \ - jnmt,,
(1_61’1 1)(l+e/” o)eﬂ' w,

where ¢, is the delay time of the second pulse train.

Then, the equation of the complex amplitude of
the n-th harmonic of the sum of two double pulse
sequences has the form:

U, =Up +U,, =— 1=/ i) (1+e/"T0) 4
Tnj
(5)

+£(1_e-jnu)t,« )(1+e-jn(nT0 )e-jnu)tw —
nnj

i(l—e’jnw[i )(1+e-jn(nT0 )(1+e-jn(ntw).
Ty

Or, taking into account the transformation in
trigonometric form, the equation for the amplitude
of the n-th spectral component has the form:
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Wi;
U, = 2E (sin 2% )y cos
mn 2

nwT nwt,,
. 6
2 )(cos 5 ) (6)
In this case, the zeros of the envelope of the am-
plitude spectrum are determined by the expressions:

”01:PTtl_; n02:PT2T05 ”03:PT2,W»

where p =1, 2, 3, etc.

According to expression (6), the delay time be-
tween two pulse sequences can be an informative
parameter .

Determine the change in which amplitudes of
the spectral components can be used to measure the
change in the delay time ¢, provided that the influ-
ence of the instability of the repetition rate of pulse
sequences is maximally reduced. To do this, we de-
fine the absolute error affecting the measurement of
the change in the amplitude of the n-th spectral com-
ponent. The change in the amplitude U, consists of
two parts: the absolute error and the change in the

in the parameters E, o, ¢;, T;, can be determined by
the value of the total differential:

] L L IAHdIUnI
dE do dr; dr,

1

|AUE(DI TO |_ A]103 (7)
where AE, Ao, At,, AT, are respectively, changes in
the parameters E, o, ¢;, 1.

In this case, the expression for the complete
change in the amplitude will be defined as:

d|U, d U d|U,
|AUE(D[ oty |— | ‘ L n| Ao+ | ‘ At +
dU d|U ; ‘ ®
AUl g, + ' NGl o,
T, dr,)

where At,, are changes in the information parameter ¢,,.

After analyzing the partial derivatives of expres-
sion (8), we determine the sensitivity to changes in
parameters:

information parameter — the delay time 7,,. Absolute ~ 41Unl \ ;. _ 4 Isin no; Hcos nwl Heos not,, E 9)
error in obtaining the result of uncorrected changes dE T 2 2 2
d\U t; T t T ¢
| | (t cos 24 o5 12 Ocosnww—Tosinn—wtsinnm 0 cos 22w _
do 2 2 2 2 2
T; T T (19)
; ¢ t
—t,, sin MO 05 L0 i 0w )| sign(sin 7070 05 P21 6 M );
2 2 2 2 2
d|U, 2E® t; o7 o, . . not;
1ol At;= |cos % [{cos 0% [{cos e |sign(sin ok );
dt; 7 2 2 (11)
d\U 2E® . not; . nol| i, . . noT;
1l AT,=- |sin kb [|sin "% [{cos e |sign(sin 0% ). (12)
dT, o 2 2 2 2

The minimum sensitivity to a change in non-
informational parameters is determined by equating
to zero the partial derivatives (9)—(12) and find the
extreme of the functions |U,|.

The amplitude-frequency spectrum of a pulse se-
quence has the property that for certain values of the
spectral component #n, the effect on the amplitude of
the instability of the temporal parameters of the pul-
ses decreases. Considering that when forming pulses
with the help of existing software-controlled digital

means, the instability of the repetition rate of the ana-
lyzed signal (for example, the frequency of an indus-
trial network) is orders of magnitude higher than the
instability of temporal parameters and the amplitude
of the generated pulse signals, all further efforts will
be aimed at reducing errors associated specifically
with instability of the pulse repetition rate.

The regions of minimum sensitivity to varia-
tions in ® are determined by equating (10) to zero:

dlU,| 2E not; nwl; not . hot; . nol not
| |——(t L cos —2 cos — — Tysin — sin —2 cos —% —
do = 2 2 2 2 2 2
. hot; nol, . not, . . noT; nwl; not
—tsin —~ cos —% sin —2 )sign(sin —2 cos — cos —2 )=0;
2 2 2 2 2 (13)
not; nwl; not . not; . noT; not . not; nwl, . nwt
t; cos —L cos —2 cos —2 — Tsin —L sin —— cos —t,, sin —~ cos —2 sin —2 =0;
2 2 2 2 2 2 2
not;  nol; not;  not
ti_TOtg L thO—tth 2l thW:O
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Consequently, the condition of minimum sensi-
tivity to the repetition rate of discontinuous sequen-
ces must be satisfied if the expression is consistent:

w?

=0, (14)

not; nwly n
=g — (Totg 5 wte

To achieve the minimum sensitivity of the pa-
rameters of the sequence of pulses to @, we determine
at what values of 7}, and ¢, and the range of variation
of ¢, the selected spectral composition will be insen-
sitive to a change in the reference frequency. For the
analysis, we introduce the following assumptions:

— spectral composition should not exceed the
15™ harmonic due to the difficulty of accurately se-
parating them from the signal;

{53

= =
351 Res

Sensivity, rel. un.

=
[

0l

— duty cycle of pulses in a double pulse sequence
is equal to two, 1. e. T, = 2¢,.
Therefore, expression (14) can be represented

as:
tg nOZTO (Totg Sl +,t n(;tw )=%; N
thth—O(DTO—Totg@ =1,tg "(’;W,

Let’s analyze the sensitivity areas using

the Mathcad software with the following para-
meters of the double pulse sequence: E=3.3V,
o =314 rad/sec, T=20msec, T,=0.2msec,
t,=0.1 msec and ¢, = 0.8 msec (Figure 2).

10

12.5

15 17.5 20

Spectrum number

Figure 2 — Dependence of the sensitivity of the amplitude-frequency spectrum on the number of the spectrum of the
pulse sequence: 1 — sensitivity to the pulse repetition rate ; 2 — sensitivity to pulse duration ¢,; 3 — sensitivity to the
amplitude of the formed pulses £; 4 — sensitivity to the period of pulses in the 7, sequence; 5 — sensitivity to the delay

time in the pulse sequence ¢,

According to the obtained dependences, it can
be concluded that for the selected basic parameters of
the pulse sequence, the amplitude of the 7™ harmonic
does not depend on the change in the repetition rate
(i. e. the repetition period of the pulse sequence) and
the effect of the instability of the pulse amplitude is
significantly reduced with a sufficiently high influ-
ence on the change in time delays 7.

Let us analyze how changes in the parameters
of the pulse sequence E, ¢, and 7| affect the insen-
sitivity region with a change in ®. By analyzing the
second derivatives, we determine the influence of the
parameters of the pulse sequence on the region of
minimum sensitivity to frequency changes:

d*|U,| d*|U,| d*|U,| d*|U,|
dodE " dodt; " dwdT,” dwdt,,

Then:
dAu,| 2 o, noT, o _not; . noT; ot
| ”|:—(tl~cosn L cos 2 cos W—Tosmn £ sin 0 cog .
dwdE 2 2 2 2 2 2 (16)
)2 oT; ot o7 o7 ot
—t,, sin MO0 05 1220 i 10w )sign(sin D70 05 2270 o5 20w );
2 2 2 2 2 2
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2
d |\U 2E  now  not; . nol; not . not; . noT nwt nw . not; noT; not
ﬁ:——(q?cos 2’5111 20005 2W+sm 2’s1n 20005 2W+T07sm Zlcos 20005 ZW_
odT, o
. not; . noly, . not, . . not; nol,  not (17)
~t,, — sin —sin —% sin — )sign(sin —~ cos —> cos —);
2 2 2 2 2 2 2
2
d-|U,| 2FE not; noT; not not; noT; not nw  not; . nol; not
#=—(cos 2’cos 20005 2W—t, sin 2’cos 20005 2W—T0700s 2’sm 20005 ZW_
wdt; T (18)
no not; nol, . not, . . hot; noT; not
~t,, — €0S —~ cos —— 2 sin — )sign(sin —L cos ——2 cos —%);
2 2 2 2
2
d-|\U 2E . n®  noi; nol, . not not; . nwl, . not . not; nwT; nwt
#=——(ti7cos 2’cos zosm 2W—7})—sm 2’s1n zosm 2W+sm 2’cos zosm 2W+
wdt,, T (19)
nw . nog; noT; nowt,, . . not; noT; not
+,, — sin —~ cos —2 cos —% )sign(sin —~ cos ——> cos —% )
2 2 2 2 2 2 2

Let’s analyze the sensitivity areas using the
Mathcad software with the previously indicated pa-
rameters of the signal under study (Figure 3).

According to the data obtained, it can be con-
cluded that for the indicated parameters of the sum of
double pulse sequences, the amplitude of the seventh
harmonic does not depend on the instability of the
carrier frequency and, at the same time, has a mini-
mum sensitivity to changes in the pulse duration ¢,,
the period of pulses in the sequence 7|, and the am-
plitude of the pulses E£, and the sensitivity from the
change in the delay time in the pulse sequence ¢,, is
commensurate with the maximum.

du,|l d’|U,|
do = dodE’
d’|u,| d*|U,|
dodt; " dodT,’
d’|U,|
dwdt

w

Analyzing the presented dependences, it can
be concluded that by choosing the parameter 7,
it is possible to measure the changes in the delay
time from the amplitude-spectral components that
are in the region of insensitivity to the instability
of the carrier frequency and with a significant
decrease in the influence of the instability of other
parameters: the pulse amplitude E, the period of
the pulses in the sequence 7, and pulse duration
;.

The proposed technique can be implemented
using a measuring system, the block diagram of

which is shown in Figure 4.

0 2.5 ] T 10

1255 15 17.5 20 225 25

Spectrum number

Figure 3 — Dependences of the influence of the main parameters of a discontinuous pulse sequence on changes in the
carrier frequency from its spectrum: 1 — sensitivity of the amplitude-frequency spectrum to changes in the carrier fre-
quency o; 2 — the effect of changing the carrier frequency on the instability of the amplitude of the pulses £; 3 — the
effect of changing the carrier frequency on the instability of the pulse duration ¢;; 4 — the effect of changing the carrier
frequency on the instability of the period of pulses in the sequence 7|); 5 — the effect of changing the carrier frequency
on the instability of the delay time in the pulse sequence ¢,
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Figure 4 — Block diagram of a measuring system for
measuring changes in time parameters: 1 — block of pulse
shapers no. 1; 2 — block of pulse shapers no. 2; 3 — mixer;
4 — selective device

The measuring system contains two blocks of
pulse shapers 1 and 2, an analog addition circuit
(mixer) 3 and a selective device 4. The operation of
the measuring system in the form of a timing dia-
gram is shown in Figure 5 and looks as follows.

Ui g
a § (_L X
24 ! -
b q
!
Un & 2 =
1] !
UpZ.M -
. m
9. 3
i mofn
7
S T\ TN !
L S’ S’ R N

Figure 5 — Operation of a measuring system for measu-
ring changes in time parameters: a — pulse signal no. 1;
b —pulse signal no. 2; ¢ —double pulse sequence no. 1;
d — double pulse sequence no. 2; e — double discontinuous
pulse sequence; f— resulting informative harmonic

The input of the measuring system, which is
two blocks of pulse shapers 1 and 2, is supplied
with two pulse signals U, and U, (respectively, Fi-
gures Sa and 5b), between which it is necessary to
control the change in time parameters. With the help
of blocks of pulse shapers in accordance with the
specified control parameters 7|, is the period of the
pulse sequence, ¢, is the duration of the pulses and
the period of the input signals 7, two pulse sequences
are formed (respectively, Figures 5¢ and 5d). Then
these pulse sequences in mixer 3 are converted into

one total sequence, which is a double discontinuous
pulse sequence (Figure Se) with the parameters: 7},
is period of the pulse sequence; ¢, is the duration
of the pulses; ¢, is the delay time between pulses.
The required informative harmonic is allocated on
the selection device 4 (Figure 5f), by analyzing
the amplitude of which it is possible to judge the
measured time interval.

One of the examples of using the presented
technique is measuring the parameters of the no-
load current of electrical machines, i. e. diagnostics
of the condition of the windings when the machine
is running. In this case, the system has the initial
parameters: the amplitude of the pulse sequence is
E =33V, the frequency of the supply network is
50 Hz (o = 314). According to the studies and real
possibilities, it was determined that it is most optimal
to use the period of pulses in a sequence equal to
within 0.01 of the nominal value of the input signal
period and with a duty cycle of these pulses equal
to two. From here we determine the parameters
of the pulse sequence: 7= 20 msec, T, = 0.2 msec,
t;=0.1 msec.

From expressions (8) and the obtained equa-
tions (9)—(12), we determine the errors associ-
ated with the instability of non-informative pa-
rameters, where: AE=10"V; Ao =3 rad/sec;
At,=AT,= 10°® sec, the informative parameter is set
within ¢, =47, = 0.8 msec at n = 7.

Consequently:

AU gy 1, [6.637-107°.

This means that the measurement error, inclu-
ding those associated with the instability of the main
parameters of the pulse sequence, will be less than
0.01 %, and therefore the accuracy with respect to
frequency with its instability improves by two orders
of magnitude.

Conclusion

A spectral method for measuring time intervals,
as well as their changes by analyzing pulse sequen-
ces, formed on the basis of characteristic points of
the measured signal, is proposed. For this, a double
pulse sequence is considered, an equation for the
amplitudes of its spectral components is obtained,
and, in accordance with this, it is determined that
the delay time between double pulses is the most
informative parameter.
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Further, using the Mathcad software, we ana-
lyzed the sensitivity regions for changes in the main
parameters of the pulse sequence, namely the repeti-
tion rate, as the main destabilizing factor.

The considered method makes it possible to in-
crease the accuracy of measuring time intervals due to
the almost complete elimination of the influence of the
instability of the reference frequency and the ampli-
tude of the generated pulses, which is unattainable with
modern hardware, including digital signal processing.
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