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Abstract – A block diagram of a signal generator based on a direct digital synthe-

sizer with automatic phase distortion compensation for geoecological monitoring 

systems is considered. Analytical expressions of an arbitrary deterministic signal 

with single-tone phase modulation and its spectrum based on piecewise linear 

approximation and mathematical apparatus of Bessel functions are obtained. The 

amplitude spectrum of a phase-modulated periodic sequence of unipolar exponen-

tial pulses is calculated at two values of the modulation index. The results ob-

tained describe transient processes on the output of a two-half-period rectifier in 

the information path of an autocompensator and can be used to analyze the effect 

of parasitic phase modulation (jitter) on the operating mode of the device. 

Keywords – agro-industrial complex, signal generators, digital computing synthe-

sizers, automatic compensation, parasitic phase modulation. 

 

 

Introduction 

Currently, the study of geodynamic processes and phenomena [1-3] occurring in the upper 

near-surface part of the geological environment developed by the branches of the agro-

industrial complex and bearing both natural and man-made character is becoming more and 

more relevant. The interest in the research of emerging movements and deformations of the 

geological environment is largely due to the fact that the safe conduct of human economic 

activity in the territories of the agro-industrial complex is possible only when obtaining a 

complete picture of the processes occurring on the surface and in the subsurface. The study of 

geodynamic process data requires high-precision measurements in the monitoring mode using 

modern high-current and productive geophysical equipment. As a result, modern geodynamic 

monitoring systems are complex software and hardware complexes based on various physical 

phenomena and effects [4-6]. One of the promising options for the implementation of geody-

namic monitoring at the local level is the use of modern systems based on the geoelectric 

control methods. In various modifications of geoelectrics methods (over fifty), probing sig-

nals are applied to point emitting grounding electrodes placed in the geological environment 

in a controlled area. 
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To form probing signals in geodynamic monitoring systems, various generating equipment is 

currently used, and the signal generators work, as a rule, in a narrow range of time, on a lim-

ited set of their values and are not universal. Another shortcoming of modern signal genera-

tors of geodynamic monitoring systems based on geoelectric control methods is associated 

with the need to detect small geodynamic changes in the near-surface zones of the geological 

environment and the initial signs of possible catastrophic processes. In this aspect, the spec-

tral purity of the synthesized signals becomes an important parameter. 

Signal generator for geodynamic monitoring systems of agricultural resources based on direct 

digital synthesizers (DDS) with automatic phase distortion compensation 

Based on the features and requirements imposed on the radiating paths of the geodynamic 

monitoring system of agricultural resources based on geoelectric control methods, the most 

attractive from a practical point of view option for implementing a universal signal generator 

is its construction based DDS [7, 8]. This approach allows for high accuracy of synthesized 

signals, extremely high frequency resolution (up to thousandths of a hertz), high switching 

speed, ease of control and the possibility of forming complex signals. At the same time, ob-

taining probing signals with the required parameters will be achieved by promptly changing 

the amplitude, frequency and phase control codes on a real-time scale. 

However, among the disadvantages of the DDS, a significant level of discrete parasitic spec-

tral components of the output signal should be noted. To improve the spectral characteristics 

of DDS as signal generators of geodynamic monitoring systems based on geoelectric control 

methods, it is proposed to use the method of automatic phase distortion compensation 

(APDC) [9, 10]. In general, this method is based on the isolation of phase distortions present 

in the output signal of an arbitrary radio device by their phase detection relative to the signal 

without distortion and subsequent compensation in automatic mode. The most important ad-

vantages of this method in relation to DDS over traditional (filtering and randomization) are 

the following features: 

- it allows to reduce the most undesirable spectral components (located in the near zone of the 

fundamental frequency of the synthesized oscillation) arising from several sources; 

- has selective properties with respect to the useful modulation of the output signal; 

- does not require adjustment of the autocompensator units when changing the parameters of 

the device. 

Theoretical and experimental research of this method has shown the effectiveness of auto-

compensation and the possibility of improving the spectral characteristics of DDS by 10-15 

dB. 

As an autocompensator control device in the frequency range up to several tens of MHz, it is 

easiest to use a controlled phase shifter, the reduction of phase distortion in which is based on 

the antiphase modulation of the input or output signal of the DDS in accordance with the con-

trol signal of the autocompensator. Depending on the particular point of the circuit infor-

mation where phase distortions are present, several types of auto-compensators can be used: 

with forward regulation, backward regulation and combined regulation. 

The block diagram of the signal generator variant for geodynamic monitoring systems of 

agro-industrial complex resources based on DDS with APDC and backward control is shown 

in Fig. 1. Here the autocompensator includes a delay control device (DCD) based on a con-

trolled phase shifter, a reference path (RP), an information path (IP), a control path (CP) and 
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phase detector (PD). Also, the following designations are adopted in the scheme: RG - refer-

ence generator, FC –frequency converter (multiplier or divider), digital-analog converter 

(DAC) and low-pass filter (LPF). 

 

 
Fig. 1 – Block diagram of a signal generator for geodynamic monitoring systems based on 

DDS with APDC and backward regulation 

 

The principle of operation of the circuit is based on the fact that the reference and information 

paths form input pulses for the phase detector having the same frequency and different phase 

shifts. These paths include differentiating circuits and T-triggers that directly generate pulses 

from positive voltage surges and divide their input frequency by two. In addition, a full-wave 

rectifier at the output of the differentiating circuit of the information path converts input mul-

tipolar voltage surges into unipolar ones, which are transmitted to the input of the corre-

sponding T-trigger. The control path of the autocompensator consists of a low-pass filter and 

an amplifier. The parasitic phase deviation directly allocated in the control path is compen-

sated by an antiphase change in the delay of the reference signal in the delay control device. 

 

Problem setup 

In the analytical study of the transient modes of a signal generator with APDC, it is necessary 

to obtain expressions for the signals of its control path, as well as their spectra. With varia-

tions in the parameters of the autocompensator and the presence of parasitic phase modula-

tion of the studied signals (even in the simplest case of single-tone modulation), obtaining 

analytical expressions for the spectra of the control path signals is generally difficult or im-

possible. Thus, in [11], an analytical representation of a periodic sequence of rectangular 

pulses with single-tone phase modulation by a Fourier series was performed and the spectral 

composition of the modulated sequence was analyzed using Bessel functions. 

With regard to the studied autocompensator, these results are only valid for rectangular sig-

nals at the output of T-triggers. When analyzing the spectra of other PM signals of a more 

complex form (for example, exponential pulses at the outputs of differentiating circuits or a 

full-wave rectifier), analytical solutions are generally absent, so we have to resort to numeri-

cal methods. 

The authors proposed an approximation of arbitrary deterministic effects based on continuous 

piecewise linear functions (CPLF) and performed an analytical calculation of the transient 

modes of various radio signal converters by the spectral method [12-15]. It seems possible to 

generalize this approach also for PM signals. 
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Solution 

Approximation of an arbitrary deterministic signal s(t) based on CPLF has the form [13] 
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equal to 0 outside the interval. When analyzing a periodic signal, it is advisable to choose the 

approximation range [t0; tK] equal to the period of the signal under study. 

In general, the spectrum of a signal s(t) with a period T based on the Fourier series expansion 

has the form [16, 17]: 
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where T/21  =  is the frequency of the signal. 

Using (1), we represent the spectrum (2) by the sum of the spectra 
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After the time shift of the approximating segment kk BtK +  to the left by 2/*

kkk ttt += , 

this segment is shifted from the interval 1+ kk ttt  to the new interval . Thus, the expression 

kk BtK +  in the new interval is the sum of an odd function tKk  and an even function Bk. This 

makes it possible to equate to zero the corresponding cosine (for tKk ) and the sine (for Bk) 

term of (3) and simplify the resulting expressions. Substituting (1) into (3), for the k-th seg-

ment we get 
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We assume that the time shift of the approximating segments (pulses) is proportional to the 

values of the modulating signal at the approximation nodes, which is equivalent to phase 

pulse modulation of the second kind (PPM-2) of the original (modulating) signal. In this case, 

the magnitude of the time shift of the k-th pulse relative to the node tk is determined by the 

formula tt ммаксk  sin)( = , where макс  is the maximum time shift, ωm is the frequen-

cy of phase modulation. 

The current phase of the phase-modulated signal is determined by value k  and frequency 

of the original signal ω1: 
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(6) 

where 1maxmax  =  is the modulation index.  

The instantaneous frequency of the PPM signal will be equal to  
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When substituting into formula (5) instead of ω1t the value )(t from (6) and instead of T – 

the value instinstT  /2=  from (7), we obtain an expression for the PPM signal: 
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Using the property of the Bessel functions [9] )(lJ  [9] 
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(10) 

As follows from formula (10), the spectral composition of one segment of the approximation 

of PPM signal (1) includes: a constant component with amplitude 
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Based on (11), summing over all k=0…K-1 we obtain 
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Using (12) and taking into account the time shift *
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pressions for the complex amplitudes of harmonics in the spectrum of the modulated signal: 
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According to the expression (12), the calculation of the pulse sequence at the output of a full-

wave rectifier in the APDC information path is performed. A single pulse at the output of the 

rectifier after normalization in amplitude has the form )/exp()( 2DCFWR Ttts −=  where TDC2 is 

the time constant preceding the rectifier according to the scheme of the differentiating circuit. 

The parameters of the signal under study are assumed to be equal: the number of approxima-

tion nodes K=6, the number of approximating segments K–1=5, the upper limits of the sums 

in (10) N=10, L=6, the modulation index and frequency max =0.6 and ωm =0.05ω1, the time 

constant TDC2=0,05T. 

The initial signal at the output of the full-wave rectifier )(tsFWR  and the modulated signal 
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)(~ tsFWR , as well as the modulating signal ttu mm  sin)( max=  are shown in Fig. 2. The am-

plitude spectra of the modulated signal, calculated by expressions (13) and lnmlnm SA ,,,, =  

with modulation indices max = 0.2 and 0.6, respectively, are shown in Fig. 3 and 4. 

 

Fig. 2 The initial signal at the output of the full-wave rectifier )(tsFWR , 

the modulated signal )(~ tsFWR  and the modulating signal ttu mm  sin)( max=  

 

Fig. 3 – Amplitude spectrum of the phase–modulated signal )(~ tsFWR , modulation index 0.2 

 

Fig. 4 – Amplitude spectrum of the phase–modulated signal )(~ tsFWR , 

modulation index 0.6 

 

Conclusion 

A comparison of Figures 3 and 4 shows that an increase of ìàêñ  leads to an expansion of 

the spectra near the harmonics of the sampling frequency 10,  nn =  and an increase in the 

amplitude of the component with the modulation frequency Aм, the amplitude of the constant 

component remains the same (A0=0.108). Checking the harmonic values (13), performed us-
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ing the fast Fourier transform for the signal )(~ tsFWR , showed an exact match of the calculated 

spectra (for multiple ratios of the sampling interval and the period of the modulating signal 

Tm=2π/ωm=20T). 

The good accuracy of the representation of PM signal by formula (12) and its spectrum (13) 

confirms the validity of the proposed approach and the expressions obtained for the analysis 

of phase-modulated signals. The undulation of the curve )(~ tsFWR  is due to the Gibbs effect. 

The obtained results can be used for an analytical study of the modes of operation of signal 

generators for geodynamic monitoring systems of agro-industrial complex resources based on 

DDS with APDC, as well as other radio devices in the presence of parasitic phase modulation 

(jitter). 
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