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Abstract

Development of new methods and high-rate means for converting the amplitude of high-frequency
periodic signals into a binary code with high speed for solving problems of industrial tomography, radar,
radio navigation, during measurements of amplitude-frequency characteristics, measurement of the amplitude
of signal generators is relevant in scientific terms and useful in practical applications. The aim of the study
was to create a new amplitude meter for high-frequency periodic signals based on the Fibonacci method
without converting the AC voltage into an equivalent parameter.

Based on the developed algorithm and the equation for converting the amplitude of periodic signals into
code using the Fibonacci method, a functional scheme of the amplitude converter has been developed. This made
it possible to realize an 8-bit amplitude converter in code on the FPGA Cyclone V series of the Altera company.

Amplitude converter of periodic signals into the code based on the Fibonacci method consists of: two
comparators, a phase detector, a short pulse shaper, a digital-to-analog converter, a Fibonacci register,
an extender, a clock counter, a decoder and an indicator. In the developed meters of the amplitude
of the periodic signal, the process of forming the measuring periods and their calculation was applied,
this made it possible to avoid the conversion of the alternating voltage into an equivalent parameter.
The process of forming measurement periods and their calculation is realized on the basis of a comparator
and a counter. The application of the Fibonacci register allowed setting the conversion time at the level of N/f
(number of register bits / frequency of the incoming signal). Using the Fibonacci sequence of the pentanacci
sequence in the basis of the work of the Fibonacci register allowed obtaining odd code values at its output.

Based on the obtained research results, a high-resolution converter of the amplitude of high-frequency
periodic signals can be developed into a binary code with high speed for tasks: industrial tomography,
radar and radio navigation.
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N3mepenne aMIUIMTYAbI IEPUOAUYECKUX CUTHAJIOB
¢ UCMOJL30BaHUEeM MeToaa PudooHavyun

IHerpymaxk B.C.

XmenvHuykuil HaYUOHATbHYLIL YHUGEpCUmen,
yi. Kameneyxas, 112/2, 2. Xmenonuyxut 29016, Yrpauna

Hocmynuna 05.02.2018
Hpunama k neuamu 25.04.2018

Pa3zpaboTka HOBBIX METOJOB U  BBICOKOPA3PSAHBIX CPEACTB IMPeoOpa3oBaHMs aAMILIUTYIbI
BBICOKOYACTOTHBIX MEPUOANICCKUX CUTHAJIOB B IBOMYHBIN KO C BBICOKUM OBICTPOJICHCTBUEM ISl PEIICHHS
3a/1a4 IPOMBIIIICHHOH TOMOrpaduu, paJnoIoKaluy, paJiOHABUT AN, BO BPEMs H3MEPEHUI aMILTUTYIHO-
YaCTOTHBIX XapaKTEPUCTUK, U3MEPCHUI aMILTUTY JIbl FTEHEPATOPOB CUTHAJIOB SIBJISICTCSI aKTYaJIbHBIM B HAYYHOM
OTHOILICHUU M TOJIE3HBIM B MPAKTHYECKOM NpUMeHEeHUH. Llenblo naHHO# paboThl OBUIO CO3JaHUE HOBOTO
U3MEPUTENsl aMIUIUTYbl BBICOKOYACTOTHBIX MEPHOANYECKHX CHTHAJIOB Ha OCHOBe Meroja DubOonaudn
0e3 mpeoOpa3oBaHMs IEPEMEHHOTO HANPSDKEHHUS B OKBUBAJICHTHBIN MTapaMeTp.

Ha ocHOBe pa3pabOTaHHOrO aJropuTMa W ypaBHEHHs MPeoOpa3oBaHHs aMIUIUTY/bI TEPUOJIHYECKUX
CUTHAJIOB B KOJI C KMCIIOJIb30BaHHEeM MeToja dubonayun paszpaboraHa (QyHKIMOHATIbHAS cXema Ipeodpa-
30BaTeNsl aMIUIATYABL. DTO MO3BOJIMJIO pPEaln30BaTh 8-pa3psiiHbIA MpeoOpa3oBaTeslb aMIUIUTYAbI B KOJ
Ha MMPOrpaMMHUPYEMOii JTJorn4eckoil nHTerpanbHoii cxeme cepuu Cyclone V upmel Altera.

IIpeoOpa3zoBarenb aMIUTUTYIbl MEPUOAMYECKHX CUTHAJIOB B KOJ Ha OCHOBe Merona PdubOonaudm
COCTOMT M3: JIByX KOMIApaTopoB, (pa3oBOro AeTeKTopa, (pOpMHpOBATENIS KOPOTKHX HMITYJIbCOB, HU(PPO-
aHAJIOroBOro IpeoOpa3oBatens, perucrpa PuOOHAYYM, EKCTPEMATOpa, CYSTYMKA TAKTOBBIX HMITYJIbCOB,
neumppaTopa U MHIMKAaTopa. B paspaboTaHHOM HM3MepHTele aMIUIUTY/AbI IEPUOMYECKOT0 CUTHAIa ObLIH
HNPUMEHEHBI Tporiecc (OPMUPOBAHKS M3MEPUTEIBHBIX TIEPUOJOB U MX TOJCYET, YTO MO3BOJIMIIO H30eKaTh
npeoOpa3oBaHusl MEPEMEHHOTO HANpsDKEHUS B OKBUBAJICHTHBIM mapamerp. Ilpomecc ¢opmupoBaHus
U3MEPUTEIBHBIX TIEPUOJIOB U HX MOJICUET Pean30BaHbl HA OCHOBE KOMIIApAaTopa U cueTyuka. [IpuMeHeHue
peructpa PuOoHAYYM TO3BOJNIMIO YCTAHOBUTH BpeMs MNpeoOpa3oBaHus Ha ypoBHe N/f (KOJIWYECTBO
pa3psiioB PErucTpa/9acToTa BXOIIero curuaia). Mcmnosabp3oBanue B ocHOBe paboThl peructpa @udonaudn
HOCJIEIOBATEIBHOCTH IEHTAHAYYH TTO3BOJIAIIO MOJTYYUTh HEYETHBIC 3HAYCHUSI KOJIa Ha €r0 BHIXOJIE.

Ha ocHOBe MOJyYeHHBIX pPe3yJIbTAaTOB HCCIICAOBAHUI MOXKET OBITh pa3pabOTaH BBICOKOPA3PSIHBIN
npeoOpa3oBaTesib AMILUTUTY bl BHICOKOYACTOTHBIX MEPUOANYECKUX CUTHAJIOB B JIBOMYHBINA KOJ C BBICOKHM
OBICTPOJCHCTBHEM ISl 33]1a4 IPOMBILIICHHON ToMOrpaduu, paJnoIoKaluy U paIioHaBUTAIMH.

KiaroueBble cioBa: amiuiutyjaa, meroa DPuOoHA4uW, NEPUOJUYECKHHA CHUTHAJ, H(PO-aHAIOIOBOE
mpeobpazoBaHUe.
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Introduction

The theoretical basis for problems of industrial
tomography [1] requires a process of measuring
the amplitude of high frequency periodic signals,
but not its mean root mean square or median-
directed value. Since the amplitude of the reflected
signal depends on the current image of the spatial
distribution of physical quantities. Tracking changes
in size is an urgent task for many industries. In atomic
energy it can be controlled by a chain reaction in an
atomic reactor. In the chemical industry, it can be
controlled by the chain reaction of cracking,
combustion, polymerization and other reactions.
In heat power engineering it can be a control of the
process of cavitation in the heat generator. This will
allow for the objective control of technological
processes in industrial facilities, providing technical,
economic or environmental efficiency. In the radio
geodesy, the area of the object of observation depends
on the amplitude of the reflected signal to estimate
the volume of minerals.

At the same time, the analysis of scientific and
technical literature and patent search showed [2—6]
that today these problems are solved by converting the
alternating voltage into an equivalent constant voltage
or thermal energy parameter. The use of converters
based on the amplitude detector [2] results in a
reduction in sensitivity, the occurrence of a conversion
error, which respectively results in distortion
of measurement results. In this case, the measuring
channel needs to stabilize the characteristics of the
transformation into the targeted efforts of scientists.

Existing means [7], which directly measure
the amplitude of periodic signals, convert it into
binary code and operate only at low frequencies
(sigma-delta analog-to-digital converter) or have
alow bit (parallel ADC) and not synchronized
with the input signal. This in the first case makes
it impossible to use them for research data, and
in the second one, it increases the error and time
of the processing of the measurement results and,
accordingly, reduces the sensitivity of the receiver.

The aim of the study was to create a new
amplitude meter for high-frequency periodic signals
based on the Fibonacci method without converting
the AC voltage into an equivalent parameter.

Main part

The essence of the developed method consists
in the consistent approximation of the value of the

comparative voltage to the level of the amplitude
of the input periodic signal. According to the scheme
presented in Figure 1, the measurement begins
with the process of comparing the amplitude value
of the voltage of the input periodic signal U with
the value of the comparative voltage U, and can be
determined by the equation [8]:

U,=U-U. (1)

Formation of
measuring periods

Counting the
number of periods

|

Figure 1-—Scheme of the process of measuring
the amplitude of the periodic signal by Fibonacci method

Us y 1
—] C - Phase Fibonacci
—s| YOMPANSON ™ nyataction algorithm

Digital-to-analog conversion

Simultaneously with the comparison process,
the allocation of a positive half-wave of a periodic
signal occurs, that is, the formation of measuring
periods. The mathematical model of such a process
can be described by the expression [8]:
Uy,= (U = U Dk, 2
where U — amplitude of the negative half-wave
of the periodic signal; k£ — gain.

A mathematical model describing the process of
phase detection can be set by a system of equations [9]:

0=0,ifU<U,;

0>0,ifU>U.. @)

where @ — phase shift, whose value can be obtained
from the expression ¢ =2nt/T(t, — time shift
between the signal of the process of forming the
measuring periods (U,) and the signal of the
comparison process (U, ), T — input signal period).

The process of the number of periods of the
investigated signal can be conventionally described
by the equation [10]:

c=2%,

where k& — number of digits required to count
the number of periods.

The Fibonacci sequence is defined as a series
of numbers, in which each subsequent number
is equal to the sum of the two previous [11]:
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1,1,2,3,5,8,13,21, 34, 55, 89, 144, 233,377, 610....

The Fibonacci sequence can be conventionally
described by a recurrence relation:
a =a ta
1 n n-

nt+ 1°

wherea, =1, a,= 1.

In theory there are tribonacci sequences, which
are defined as a series of numbers, in which each
subsequent number is equal to the sum of the three
previous ones. Accordingly, a quaternacci and
pentanacci sequence can be formed, which is defined
as a series of numbers, in which each subsequent
number is equal to the sum of the previous five,
and this sequence of numbers can be described by
the recurrence relation:

a lzan+an-1+an-

nt+

2 + an—_’a + an—4 : (4)

The process of converting a digital code to
the corresponding value of a constant voltage
is characterized by a change in the value of the
comparative voltage U_ by the value:

Yy
2"!
where a — the value of the Fibonacci number
binary code; U, — the reference voltage required for

the digital code conversion process.
Combining expressions (1)—~(5) we obtain
a mathematical model that describes the process

of converting the amplitude of a periodic signal into
a code by the Fibonacci method:

U, = (%)

>

Un=U,-U;
U = (U~ )k

{(P=0,ifUSUC; (6)
¢>0,if U>U,;
an+1 :an +an—1 +an—2 +an—3 +an—4;
U % U, .
c 2n

In accordance with the mathematical model
(6), for the Fibonacci method, the transformation
equation can be written as:

ot
U, = (a 5 7

> j-UO,izk..l.

In accordance with the mathematical model
(6) and transformation equation (7), an algorithm
for the process of converting the amplitude
of the periodic signal into the code by the Fibonacci
method is presented in Figure 2.

T
=0 %,
Uit
U, =(U-U]) k.
G =Gyl

FINISH

Figure 2 — Algorithm of the process of transforming
the amplitude of periodic signals method of successive
approximation

This  algorithm displays a  sequence
of stages of the process of converting the amplitude
of a periodic signal into a digital code, and also
involves checking the condition of matching
the values of the voltage of the investigated
signal and the comparative voltage and checking
the condition of equality of the digital equivalent
of the phase shift to the value of the logical «1»
or «0». Checking the first condition indicates
the cyclicality of the measurement process until
the moment of setting the amplitude value
of the input periodic signal. Checking the second
condition determines the positive or negative effect
of the conversion process.

According to the mathematical model
and algorithm, a functional diagram of the
transformation process is developed (Figure 3)
and represented by oscillograms (Figure 4), which
confirm the efficiency of the developed method
and obtained in the Quartus.
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Figure 3 — Functional diagram of the converter of the amplitude of the periodic signal by Fibonacci method

The principle of the scheme is as follows.

The comparator 2 generates a sequence
of rectangular pulses from the input periodic
signal, which are simultaneously pulses of
synchronization for the Fibonacci register,
counter pulses for the counter, and a reset
signal for the phase detector. The binary output
code of the counter arrives at the entry of the
Register data and indicates the number of the
measurement period. In the case where the level
of the input periodic signal applied to the positive
input of the comparator 1 exceeds the wvalue
of the constant voltage applied to its negative input,
a rectangular pulse will be generated at the output
of the comparator. The front edge of a rectangular

[.0ns

[ams=: Walus:

pulse indicates the initial moment to form a phase
interval. The end point of the phase interval is
given by the front edge of the reset signal. Thus,
the phase detector forms a phase interval, the
presence of which during a single period of the
synchronization signal sets the positive cycle of
the Fibonacci register. Accordingly, the absence
of a phase interval indicates a negative cycle.
The binary code generated in the register sets the
value of the DC voltage at the output of the digital-
to-analog converter. Upon termination of the
iterative process, the Fibonacci register value of the
comparative constant voltage will correspond to the
value of the amplitude of the input periodic signal
and the measurement process will end.

—

i clk_reg

= data

=L 150

=i dz

= resel_reg
= clr_count

L= — I — B = ]

= ([7..0] oo 124

[0 )

oo

= c0[2.0]

i

Figure 4 — Oscillograms of signals that explain the principle of the operation of the scheme

The digital part of the amplitude converter
tothe code by the Fibonacci method is
implemented on the FPGA Cyclone V series. The
Fibonacci register is implemented on the basis of

the pentanacci sequence (4), which allowed to get
odd values of the code at its output. The maximum
frequency of the input signal for this converter
is 100 MHz.
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Conclusion

The Fibonacci method for analog-to-digital
conversion of the amplitude of a periodic high-
frequency signal is further developed, which, unlike
existing ones, consists in finding the amplitude value
by increasing or decreasing the level of comparative
voltage with each period of comparison, the number
of which is determined by the register, which
makes it possible to avoid the transformation
alternating voltage to the equivalent parameter and
set the conversion time and at the level N/f (number
of register digits / input frequency).

The algorithm was developed and the equation
for converting the amplitude of periodic signals
into the code using the Fibonacci method was
used, on the basis of which a functional diagram
of the amplitude converter was developed. This
allowed the implementation of a 8-bit amplitude
converter in code on the FPGA Cyclone V series
of the Altera company.

The obtained research results can be used
for the development of high-frequency means
of converting the amplitude of high frequency
periodic signals into binary code with high speed:
in industrial tomography, radar and radio navigation
for the monitoring of fast-moving processes with
a duration of more than 10 s.
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