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Abstract

The development of new methods and high-bit instruments for measuring phase shifts of high-frequency
periodic signals with high speed for radar and radionavigation tasks is an actual task. The purpose of this
work is to create a new phase shift meter for high-frequency periodic signals based on the double-matching
method using direct digital frequency synthesis.

On the basis of the proposed mathematical model of phase shift measurements of periodic signals by the
method of double coincidence using the statistical accumulation of pulse coincidences, a functional diagram
of a digital phase shift meter of periodic signals using a direct digital frequency synthesizer is developed.
This allowed the implementation of an 8-bit converter phase shift signal to the code on the programmed logic
integrated circuit EPM240T100C5N firm Altera.

The digital phase shift meter of periodic signals based on the double-matching method consists of two
comparators, two short-wave pulse generators, a direct digital frequency synthesizer, two pulse counter
control circuits, two short pulse coincidence circuits, two pulse counting circuits, four clock counters, four
registers, a microcontroller and an indicator. Block diagram of a double-matching digital phase meter using
direct digital sintesizer use minimal hardware logic.

In the developed phase shift meter, due to the use of the double-matching method, the time delay between
signals does not depend on the period of input signals and can be found when changing the frequency
of periodic pulses in wide limits. Measurement errors will be determined mainly by the duration of the pulses
of coincidence. The use of statistical accumulation of pulse coincidence in the basis of the work allowed
eliminating the restrictions on the duration of pulses of known non-ionic meters.

On the basis of the obtained results, a high-bit converter of phase shifts of high-frequency periodic
signals into a binary code with high speed for problems of industrial tomography, radar and radionavigation
can be developed.

Keywords: the double coincidence method, nonius, measurement, phase shift meter, direct digital frequency
synthesizer.

DOI: 10.21122/2220-9506-2019-10-2-169-177

Aopec onsa nepenucku: Address for correspondence:

UB. I'vaa 1LV. Gula

XmenvHuykuii HayUOHANbHbLLIL YHUBEPCUMEN, Khmelnitsky National University,

ya. Unemumymcexkas, 11, 2. Xmenvnuyxuti 29016, Ykpauna Instututska str., 11, Khmelnitsky 29016, Ukraine

e-mail: holmenetwork@gmail.com e-mail: holmenetwork@gmail.com

Jna yumuposanusa: For citation:

LV. Gula, O.1. Polikarovskykh, K.L. Horiashchenko, L.V. Karpova, I.V. Gula, O.I. Polikarovskykh, K.L. Horiashchenko, L.V. Karpova,
V.M. Melnychuk. V.M. Melnychuk.

Measurement of Periodic Signals Phase Shifts with Application Measurement of Periodic Signals Phase Shifts with Application
of Direct Digital Synthesis. of Direct Digital Synthesis.

TIpubGops! 1 METOBI U3MEPEHUIA. Devices and Methods of Measurements.

2019.-T. 10, Ne 2. - C. 169-177. 2019, vol. 10, no. 2, pp. 169-177.

DOI: 10.21122/2220-9506-2019-10-2-169-177 DOI: 10.21122/2220-9506-2019-10-2-169-177

169



IIpubopsi u Mmemoowl usmepeHuil Devices and Methods of Measurements
2019.—T. 10, Ne 2. — C. 169-177 2019, vol. 10, no. 2, pp. 169-177
LV. Gula et al. LV. Gula et al.

N3mepenust Gpa3oBbIX CABUIOB MEPUOANIECKUX CUTHAJIOB
C IPUMEHEHHEeM NPAMOro uM(poBoro CUHTE3a

N.B. I'yaa, O.U. Ioaukaposckux, K.JI. 'opsimenko, JI.B. Kapnosa, B.M. MeibHnuyk

Xmenvrnuyxuii HayuoHanvLHbll YHUsepcumen,
yn. Unemumymcxkas, 11, e. Xmenvuuyxuu 29016, Ykpauna

THlocmynuna 16.04.2019
IIpunama x neyamu 05.06.2019

Pa3paboTka HOBBIX METOJIOB M BBICOKOPA3PSAHBIX CPEICTB M3MEpeHHs (a30BBIX CABHTOB BHICOKOYA-
CTOTHBIX TIEPUOUYECKUX CUTHAIOB C BBICOKAM OBICTPOJCHUCTBUEM ISl PEIICHHS 3a/a4 PaJHOJIOKAIUH,
paZiiOHaBUTAIIH SIBIISIETCS aKTyalbHOU 3amadeil. Llenbio maHHON paOoTHI SBISJIOCH CO3/IaHHE HOBOTO M3-
Meputens (pa3oBBIX CABUTOB BHICOKOYACTOTHBIX MEPUOANYECKIX CUTHAIOB HA OCHOBE METO/A JBOWHOTO CO-
BITQJICHUS C UCIIOI30BAHNEM TIPSMOTO A(POBOTO CHHTE3a YaCTOT.

Ha ocHoBe mpeutokeHHOM MaTeMaTH4eCKOH MOJeNN M3MepeHHs (a30BBIX CIABUTOB MEPHOIMYECKUX
CHUTHAJIOB METOJ/IOM ABOWHOTO COBIIAJICHHS C HCIIOJIb30BAHUEM CTAaTHCTUYECKOTO HAKOIUICHUS WMITYJIHCOB
paspabotana (GhyHKIIMOHAIBHAA cxema MU(PPOBOTO M3MepHUTeNs (a30BBIX CABUTOB MEPHUOIUIECKHX CUTHA-
JIOB C UCIOJIb30BaHUEM TPSMOTO ITU(GPOBOTO CHHTE3ATOPA YaCTOT. DTO MO3BOJIMIO PEATM30BaTh §-pa3psii-
HBI peoOpaszoBareis (a30BOTO CABUTA CHTHAJIOB B KOJ HA TPOIPAMMHPYEMOU JIOTHIECKON HHTETpaTbHON
cxeme EPM240T100C5N dupmer Altera.

Hudporoit uamepurens (pazoBbIX CABHTOB IEPUOIUIESCKUX CUTHAIOB Ha OCHOBE METOJIa ABOWHOTO CO-
BITQJICHUS COCTOMT U3 JIBYX BXOJIHBIX YCTPOMCTB, ABYX (hopMupoBaTeneld KOpOTKUX UMITYIbCOB, MPSMOTO
() POBOTO CHHTE3ATOPA YACTOTHI, ABYX CXEM YIIPABICHUS CUETUNKAMU UMITYJIbCOB, BYX CXEM COBITAICHHH
KOPOTKHX UMITYJIECOB, IBYX CXEM YIIPABJICHUS CUETIYNKAMH UMITYJIHCOB, YETHIPEX CYETUUKOB TAKTOBBIX UM-
MyJILCOB, YETHIPEX PErHCTPOB, MUKPOKOHTpOILIepa 1 HHAUKaTopa. [Ipennoxennas 010k cxeMa peaan3aliu
M3MEPHUTENS IMEEeT MUHUMAJIHHYIO alllapaTHYIO CI0XKHOCTb.

3a cueT HCIoNB30BaHMs METO/1a JBOWHOTO COBMA/ICHHSI BpEMEHHAs 3a/IepyKKa MEX/Ty CUTHAJIaMH He 3a-
BHCHUT OT TIEpHO/Ia BXOJHBIX CUTHAJIOB U MOXKET OBITh Hal/IeHa TIPH H3MEHEHUH YaCTOTHI IEPUOTUIECKUX UM-
MyJIbCOB B MIUPOKUX Tipezenax. [lorpemmoctn m3mepenns Oy ryT OnpeensiThCsl B OCHOBHOM TOJIBKO JITUTEIh-
HOCTBIO UMITYJICOB COBIIAJICHNH. Vcrionp30Banne B OCHOBE pabOThI CTATUCTHYECKOTO HAKOTUICHHUS UMITYJTh-
COB TIO3BOJIFJIO YCTPAHUTh OTPaHUYEHUS Ha [UIUTEIEHOCTh HMITYJTFCOB M3BECTHBIX HOHIMYCHBIX H3MEPUTEIEH.

Ha ocHOBe mony4eHHBIX pe3yNbTaTOB UCCIIEOBAHNS pa3padoTaH BEICOKOPA3psIHBIN Ipeodpa3oBaTeb
(ha30BBIX CIBUTOB BHICOKOYACTOTHBIX MEPUOANYECKUX CHTHAIOB B JBOWYHBIN KOJ C BBICOKUM OBICTPOICH-
CTBHUEM JUIS 3a/1a4 PaIUOJIOKAIIH U PATUOHABUT AIIHN.

KiroueBble ci1oBa: MeTO JBOHHOIO COBIA/ICHHS, HOHUYC, M3MEPEHUE, U3MEPUTEIb CIBUTA (Da3bl, IPSIMON
IU(PPOBOI CUHTE3aTOP YaCTOTHI.
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Introduction

In modern measuring devices, different methods
of phase determination are used, such as: electron-
counting method for determining the phase shift
of'signals without frequency conversion (at frequency
up to 1 MHz), with frequency conversion (at
frequencies above 1 MHz), non-linear measurement
methods (single and multiple). The electronic-
counting method has a number of shortcomings: with
increased accuracy, the requirements for the speed
of the elements of the circuit (in particular, pulse
counters) are sharply increasing, and the measuring
time is also increasing. The use of non-native
methods of measurement allows partial elimination
of this measurement problem.

Non-native methods can improve the accuracy
of measuring phase shifts of signals using the same
element base. In addition, the nonius method allows
for high accuracy of measurement when using
reference frequencies close to the incoming signal
frequencies. Application of the principle of non-
dimensional measurements can significantly reduce
the duration of one measurement cycle.

In recent years widespread use has been made
of nonius methods of measurement. They are used in
the construction of the time-to-digital converter [1],
distance meters [2], radio frequency identification
sensors, as well as phase shift meters [3]. The use
of nonius methods of measurement allows to partially
eliminate the shortcomings of the electron-counting
method of measuring phase shifts of signals.
Nonius methods allow increasing the accuracy
of measurement of phase shifts of periodic signals
using the same elemental base. In addition, the nonius
method allows for high accuracy of measurement
when using reference frequencies close to the input
signal frequencies [4].

Nonius methods have certain limitations
associated with the need to change the duration
of pulses when the frequency of input signals
changes, to provide the required measurement
accuracy. That is, with the increase in the frequency
of input signals, it is necessary to reduce the duration
of'the pulses of the reference frequency, which makes
it difficult to use these methods at high frequencies.
In this case, it is necessary to form impulses
of nanoseconds and picoseconds duration. Ensuring
the stability of the duration of these impulses
is difficult enough to implement hardware [5].

The measured signal is usually sufficiently
long. During this time there can be hundreds

and thousands of its periods. At the same time,
the parameters of this signal remain stable during
the measurement. Noniuse method uses the first two
coincidences that occupy a small part of the time
interval, which decreases with increasing frequency.
Further increase in frequency leads to the need
to use shorter pulses, hardware to create difficult
to ensure repeatability of their characteristics.
The time increment of the measurement scale of the
non-native method should decrease in proportion
to the reduction of the measured signal period.
And the number of samples for this scale is limited
by the speed of the noniuse meter. The aim of the
work is to develop a method for measuring phase
shift and its practical implementation, using more
than two coincidences.

To eliminate the restrictions on the duration
of impulses of known nonunique methods, a method
of measurement is proposed based on a double match
with the statistical accumulation of the number
of pulses per cycle of measurement.

Main part

Let's consider a single nonius method, which
consists of measuring the number of non-null pulses
from the moment the input signal is received and
to the first coincidence of the main and non-
negative signals [6]. The accuracy of the method
depends on the duration of the nonius signal pulses.
The main node of the nonius phase meter is the
impulse generator of the nonius sequence. The task
of which consists in forming a sequence of impulses,
duration t and period T the following of which
must be in a certain way connected with the period
of following of the impulses of the test signal:

1

T= —k e (1)
36-10
and a reiteration period:
T = (1— - ij, ()
36-10

where k—the coefficient is selected based on the
specified measurement accuracy: with accuracy 1°
k = 1; with accuracy 0,1° k= 2; with accuracy 0,01°
k=3, T,T —periods of the reference and input
signals.

To obtain a phase shift counting directly in
radians, the shaper must produce a series of pulses
of duration:
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1

=T,
2n-10" °
with a reiteration period:

)

In nonius meters, the increase in accuracy
by several orders of magnitude leads to an increase
in measurement time. There are also high demands
on the stability of the formation of the period
of the reference and nonius sequences, due to the
accumulation of errors in the measurement process
due to the addition over time of the duration
of separate periods.

The elimination of some of the deficiencies
of the nonius method is carried out by applying
the method of multiple nonius. The method involves
the use of several nonius scales in the conversion
process (one for each rated discharge or group
of discharges) and is implemented in two ways.
The first way is characterized by the fact that all the
nonius scales are compared with another reference
scale. The second way of implementing the method
of multiple nonius is associated with the use of the
preliminary transformation stage at each subsequent
stage as a reference nonius scale.

When measuring phase shifts of signals by
the multiple-nonius method, the memory device
reproduces a time interval proportional to the
phase shift angle. For example, taking into account
expressions (1) and (2) for 3 digits, the system
of equations will be:

T

T..

X

2m-10*

26 35 35,9
Tl =£ x; 2 =£ x; 37 36 Tx
; 3)
10 1 1
T1 :_Tx; TZ :_Tx; TS :_Tx
36 36 360

where T — period of input signal; 7', T, T, — periods
of reference signals; 1, 1,, T, — pulse durations.

In this case, the readings counter of senior level will
be calculated in hundreds of degrees, the second level —
in tens of degrees; third level — units of degrees, etc.

From (3) it can be seen that the hardware
complexity of this method increases significantly,
the number of generators and pulse shapers increases.
For each discharge need one nonius sequence
generator and pulse generator.

In the method of multiple nonius, the
performance of the meter is improved, its dynamic
characteristics are improved compared with the
single nonius method.

Resolution in nonius methods is defined by the
following expression:

360- At
8 —

¢

=360-At- f,, 4)

where At =T — T | the ratio between the periods
of the input and reference signals; f, — input signals
frequency.

Expression (4) indicates a problem with high-
frequency phase angle meters. With an increase in input
frequency, the decrease At with a constant value 6 is
inevitable. But decrease At requires the use of high-
speed and highly stable digital components. That is, the
decrease At leads to a decrease in the duration of the
coincidence pulses. So, in the scheme of coincidence
all shorter coincidence impulses should be formed.

The duration of the coincidence pulses in the
nonius methods is determined from the expression:

T=|T, -7 ®)

Expression (5) determines that the pulse duration
must be equal to the difference between the periods
of the input and reference signals. According to the
increasing frequency of the input signals, the duration
of the coincidence pulses should be reduced.

Table 1 shows the values of the pulse duration t,
which is necessary to provide the necessary resolution at
different frequencies, according to expressions (1), (2).

Table 1

Pulse duration using the nonius methods

Frequency  Duration of coincidence pulses (seconds)
with a minimum error, measuring
the angle of the phase shift (degrees)

To 1° To0,1° To0,01° To
0,001°
1 kHz 3x10° 3x107 3x10°8 3x10°
10 kHz 3x107 3x108 3x107 3x 1010
100 kHz 3x10°® 3x10° 3x101°  3x10M
500 kHz 3x10° 3x101°  3x10" 3x107"?
1 MHz 3x107 3x101°  3x10" 3x107"?
10 MHz 3x10°  3x10M  3x102  3x10"
Table 1 shows that in nonius methods,

the principled problem is that with the increase in
the frequency of input signals, we need to generate
pulses of shorter duration to provide the required
resolution. That is, with the increase in the frequency
of input signals, it is necessary to reduce the duration
of the pulses of the reference frequency, which makes
it difficult to use these methods at high frequencies.
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Solution

In order to eliminate the disadvantages of nonius
methods [4-8] due to the necessity of using the
minimum duration pulses, it was suggested to use
the method of double coincidence with the statistical

accumulation of pulses, which made it possible to
increase the accuracy of determining the phase shift
angle in the larger frequency range by achieving a
smaller equivalent pulse duration with an acceptable
measurement time.

NiT,
Ny
U [ 1 I I ) I I A A A | [ 1 1 l

] Ix : t

| '

L M N
uw, [ | N I O A S A |
_»_(L Tx 1- coincidence . 2 - coincidence n - coincidence - Lot

! S R N Np:
fo | 1 | | N Y Y I I L

L ' T 3 | S
NiTo=N;T,
N2Tp=Nj T+,

Figure 1 — Time charts of the double-matching method with the statistical accumulation of pulses

The method of double coincidence can be
measured phase shift ¢ (Figure 1), that is, an
equivalent interval ¢ , to which the two periodic pulse
sequences with a period are shifted 7.

Expression for measuring the time interval 7
double-matching method:

N,

(6)

Ty,

where N, — the first periodic sequence of pulses with
a period T; N, — second periodic sequence of pulses
with a period 7; N,'—the first periodic sequence
of pulses with a period 7 ; N,'—second periodic
sequence of pulses with a period T .

Analysis (6) shows that tx does notdepend on 7.
So, the time interval can be found when changing
the frequency of periodic pulses in wide limits.
Measurement errors will be determined mainly by
the duration of the pulses .

In the general case, the phase shift ¢ of the
signals is determined:

T [e}

9, =360, (7)

In expression (7), unknown is only 7 is the time
interval between the moments when the signals are in
identical phases. In order to measure the phase by the
proposed method, it is only necessary to determine
T, in our case it is identical 7 — the interval on which
the shifted two periodic pulse sequences are shifted.
Thatis,t=¢ .

The expression for measuring the phase shift of
the signal by the proposed method will have the form:
N 1 N, - N, 2 N

- :360°.
o [ Nl ]

The main advantages of the double-matching
method are to increase the accuracy of the
measurement in comparison with the nonius
methods due to the almost complete elimination
of the sampling error (methodical error).

Additional sources of errors arise due to
incomplete coincidence (partial overlapping)
of pulses in the coincidence scheme, duration and
form of countable impulses.

The use of statistical accumulation of pulses
allows us to use impulses of longer duration than
in nonius methods of measurement, under fulfilling
the condition:

(®)

>1,

Tcoincidence

)
T

where t . —duration of pulses in the
method of double coincidence with the statistical
accumulation of pulses; T — duration of impulses in
nonius methods.

The pulse duration for the double-matching
method with the statistical accumulation of the
pulses will be determined by the expression:

T

X

36-10°°

X

(10)

coincidence =

where T — input signal period (Figure 1).
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The analysis of expressions (9), (10) shows that
the method of double matching with the statistical
accumulation of pulses provides the possibility
of setting the pulse duration in a sufficiently wide
range. That is, it allows you to use constant pulse
duration over a wide range of input frequencies.
And since there is a multiplicity of coincidences,
the effective duration of the coincidence pulses
begins to decrease in the number of times
of coincidences:

Te — Tcoincidence ,
n
where n — number of matches.

When growing n—w, t . . —0, and taking
into account expression (4), the potential error
of measurement of the phase shift angle also tends
to zero. From a practical point of view it is clear that
achievement n—oo it will take an infinitely long time,
it is impractical.

The measurement time can be determined as:

t=n-t

coincidence °

where ¢ — time between matches.

coincidence
Table 2 shows the pulse duration values using

the double-matching method with the statistical

accumulation of pulses, expressions (9), (10).

Table 2
Duration of pulses using a double-matching
method with the statistical accumulation
of pulses

Fre- Duration of pulses of coincidence (seconds)
quency with a minimum error of measurement of the
angle of the phase shift (degrees)
Tol° To0,1° To001° To

0,001°

1kHz  >3x10°

10kHz >3x10° >3x107?

100kHz >3x10? >3x107?

S00kHz >3x10? >3x107

1 MHz >3x10° >3x10°

I0MHz >3x10° >3x10°

Table2 shows that pulses of greater

duration (10) can be used in the double-matching
method at the same frequencies and resolution, as in
nonius methods, due to the statistical accumulation
of pulses. The method of double matching with the
statistical accumulation of pulses allows measuring
phase shifts of signals in higher frequency bands.

On the basis of the mathematical model (8, 10),
the structure of the double-matching digital phase
meter with the use of direct digital synthesizer (DDS)
has been developed, see Figure 2:

Pulse .
—> Register 1
Pulse count [—> countl |
control circuit
Pulse .
U R Input Pulse count2 [T Register 2
device shaper
Coincidence l
circuit K
Pulse DDS Microcontroller [—>|  Indicator
generator )
9
Coincidence
circuit
U Input Pulse
device shaper Pulse | 15| Register 3
¥ count 3
Pulse count
control circuit — .
L —> Register 4
count 4

Figure 2 — Block diagram of a double-matching digital phase meter using direct digital synthesizer

The digital phase meter consists of the following
blocks: two inputdevices that receive signals of the form
U cos(of) and U cos(wt + @), the phase shift between
which it is necessary to measure, two pulse shapers,
two pulse count control circuits, two coincidence
circuits, four counters pulses, four registers, pulse
generator, DDS, microcontroller and indicator.

One input device used as source of reference
input signal for measurer, and another used as source
of signal to be measured. Each of pulse shapers are
independent devices. Main purpose of shaper is
generating pulses with stable and repeated in time
parameters — width, rising and falling edges. Each
shaper can be as integrated part of input device.
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Pulse generator as reference source for DDS
with DDS gives us wide-range generator with fast
and reliable software control. This DDS allows us to
have stable source of reference pulses for coincidence
procedure itself.

As we can see from Figure 2, double-matching
digital phase meter use two similar but independent
parts — upside part consist of Pulse counter 1 and
Pulse counter 2, Register 1 and 2. And downside
part consist of Pulse counter 3 and Pulse counter 4,
Register 3 and 4. From the values of Register 1,
Register 2, Register 3 and Register 4 with use (8),
Microcontroller take decision about which input
device is used as reference U cos(w?). Block diagram
of a double-matching digital phase meter using DDS
shown in Figure 2 use minimal hardware logic.

Timing diagrams of the operation of the phase
meter are shown in Figure 3:

100.0 ms 150.0 ms 200.0 ms 250.0 ms

CICIONIOIBICIONIS

S

@

a

300.0 ms 350.0 ms 400.0 ms

ECRASICCICISSS

88

@

b

Figure 3 — Timing diagrams of the operation of the
phase meter: a — start of measurement; b — completion of
the measurement

The method of measuring the phase (Figure 3),
which is realized by the proposed structural
scheme, is as follows. In input devices, analog
input signals are converted to digital signals of a
rectangular shape (diagrams 1, 2) with preservation
of the frequency and phase relations between them.
Shaper pulses convert rectangular waveforms into

short pulses (diagrams 3, 4). The coded frequency
synthesizer generates a reference signal (diagram 5).
The synthesizer is based on a phase accumulator
in a non-positional system of numbers [9, 10].
The impulses of the two input sequences are
compared to the signal that forms the DDS. At the
output of the coincidence schemes, we get short
coincidence impulses (diagrams 6, 7). Further, the
coincidence pulses enter the pulse count control
circuitry, which form the control signals for the
start and end of the count (Figure 8, 9). Four pulse
counters count the values of the numbers N, N/,
N,, N,'. The calculated pulses are then written to the
data registers (diagrams 10—13), the microcontroller
reads the data from the registers, calculates the
phase shift values according to (10), and outputs
the value of the phase shift angle on the indicator.
The process of calculating pulses of coincidence
cyclically repeats itself.

The simulation of the proposed structure of
the digital phase meter in the MAX+PLUS 1I
BASELINE software v10.0 from the Altera company
was carried out. On the basis of which the analytical
expression of the absolute error is established:

| (T, -T;) - 2mn
A(p—[—T }

X

In Figure 4 shows the graph of the absolute error
of time variation at 10 MHz for the coincidence pulse
duration — 3ns, 5ns.

0,3 1

—8—3ns —&—>5ns

o o
)
=, N,

Absolute error, deg.
o
o
(%]

o

200 250 300 350 400 450 500
Numbers of coincidence, n

Figure 4 — Change of absolute error in time depending on
pulse duration at frequency 10 MHz

As can be seen from Figure 4 that for different
values of the duration of the coincidence pulses we
have different values of absolute error at the beginning
of the measurement, but with increasing number
of coincidences, the results of the measurement
approach to its true value. When using 200 matches,
the absolute error reaches: pulse widths 3 ns — 0.21°,
5 ns — 0.3°. When using 300 matches: pulse duration
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3 ns—0.065°,5 ns—0.15°. When using 400 matches:
pulse duration 3 ns —0.02°, 5 ns — 0.06°. But, if using
500 coincidences for the duration of pulses of 3 ns
and 5 ns of pulses, the absolute error was 0.01°.

Due to the instability of the input signals
frequency, false coincidences may occur. In nonius
methods this can lead to a gross error in the operation
of the device. From expression (8) it can be seen
that the counters can calculate how much one pulse
is greater or less. In Figure 5 shows the dependence
of absolute error on the presence of false
coincidences using the double-matching method
with the statistical accumulation of impulses:

2,00
1,00

0,00

200 300 400

Absolute error, deg.

1,00

-2,00 Numbers of coincidence, n

Figure 5 — Change of absolute error in time depending
on the number of false coincidences at a frequency of
frequency 10 MHz

The method of double matching allows us
to eliminate the problem associated with a false
coincidence of impulses (Figure 5), which may arise
due to the instability of the input signal frequency.
That is, due to the accumulation of measurement
results with an increase in the number of coincidences,
the absolute error of measurement is reduced.

Conclusion

As a result of the analysis of nonlinear methods
for measuring phase shifts of signals, it has been
established that the existing methods do not allow
to solve the problem of precision increase in the
phase meter devices at high frequencies effectively.
For nonius methods, this is due to the need to
reduce the duration of pulses with an increasing
frequency of input signals and high requirements
for the stability of the formation of periods of
input and reference signals. In order to improve the
accuracy and eliminate the defects of nonius meters,
it is suggested that the authors use the method
of double coincidence with the statistical
accumulation of impulses.

The application of the double-coincidence
method with the statistical accumulation of pulses
solves the fundamental problem of nonius methods
of measurement associated with the need to apply
pulses of different durations with the simultaneous
synchronization of the inclusion generators of nonius
sequences. The method of double matching gives the
opportunity to eliminate the fundamental limitation
of nonius methods for the duration of coincidence
pulses at high frequencies. The application of the
statistical accumulation of coincidences pulses gives
the possibility to generate pulse duration more than
in nonius methods of measurements. This allows
the use of continuous pulse generators regardless
of the frequency of the input signals and measure
phase shifts of signals over a wide frequency range
using a single of Direct Digital Synthesizer to form
reference signals. Due to the statistical accumulation
of coincidence of pulses, the error of determining the
angles of phase shift decreases due to the instability
of the frequency of the reference and input signals.
This method allows obtaining approximate phase
shift values to complete the complete measurement
cycle by using the statistical accumulation of pulse
coincidences and reducing the equivalent pulse
duration. On the basis of the method of double
matching with the statistical accumulation of
pulses, a structural diagram of an automated phase
signal meter is developed. The 8-bit phase shift
converter between the harmonic signals in the code
is developed. The scheme is based on Altera's high-
speed programmable logic EPM240T100C5N.
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