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Abstract  

The work is devoted to the study of the noise characteristics of the probing signals 

generator for geodynamic monitoring systems of the geological environment 

based on geoelectric control methods implemented on the basis of a digital digital 

synthesizer (DDS). It is shown that the main sources of phase noise of the DDS 

are the clock signal generator, taking into account its transmission coefficient, as 

well as synthesizer links, and the phase noise of the DDS itself consists of two 

components: quantization noise and the device's own noise. To reduce their level, 

as well as generally improve the spectral characteristics of the genetator, it is pro-

posed to use the principle of automatic compensation of phase distortions, its 

scheme with deviation control is obtained. Based on this scheme, as well as ex-

pressions of transfer functions, a mathematical model of the noise characteristics 

is obtained. A highly stable HCMOS/TTL quartz oscillator was used as a refer-

ence generator for the simulation, and an AD9854 integrated synthesizer was used 

as a DDS. Using their models, graphs of the spectral density of the phase noise of 

the sounding signal generator are obtained. The noise contributions of the compo-

nent links and the degree of automatic phase noise compensation for various val-

ues of the amplifier gain of the autocompensator are obtained. 

Keywords – phase noise, signal formers, digital computational synthesizers, au-

tomatic compensation, noise characteristics. 

 

 

Introduction 

One of the most important parameters of any signal generation systems is phase noise [1-5], 

which has a significant impact on their output characteristics. The main measure of its level is 

the spectral power density (SPD) of the output signal near the carrier frequency, depending 

on the tuning F at different values of the output frequency. 

Generating equipment, in particular, includes generators [6-10] of sounding signals, with the 

help of which artificial electric fields are created for geodynamic monitoring systems [11-13] 

of the geological environment based on geoelectric control methods [14-18]. From a practical 

point of view (based on the features and requirements imposed on the radiating paths of geo-

dynamic monitoring systems based on geoelectric control methods), modern signal genera-

tors for such systems are most effectively implemented on the basis of a direct digital method 
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of frequency synthesis carried out using digital computational synthesizers (DDS) [19-23]. 

The main advantages of the direct digital synthesis method over direct analog and indirect 

methods [6-10, 19-23] are: 

– digital control of the amplitude, frequency and phase of the output signal; 

– extremely high frequency and phase resolution; 

– extremely fast transition to another frequency (or phase) without phase discontinuity, 

glitches and other anomalies associated with transients; 

– the digital interface makes it easy to implement control using a micro controller, a pro-

grammable logic integrated circuit (FPGA) or a computer. 

The main sources of phase noise of the DDS is the clock signal generator, taking into account 

its transmission coefficient and synthesizer links (phase code, frequency and amplitude 

drives, read-only memory (ROM), direct-to analog converter (DAC)). In general, the phase 

noise of the DDS consists of two components: quantization noise and the device's own noise. 

The reason for the formation of quantization noise is the finite bit depth of the ROM and 

DAC data, which is manifested by the deviation of the device output signal samples from 

ideal theoretical values. The intrinsic noise of the DDS is associated with the random behav-

ior and fluctuations of electrons and holes in the semiconductor components of the synthesiz-

er. 

The main method of reducing the phase noise level of the DDS at present is filtering its out-

put signal of the DDS, which mainly serves to increase the maximum discrete parasitic spec-

tral components, and therefore the method is insufficiently effective. 

 

Application of the method of automatic phase distortion compensation to improve the 

spectral characteristics of signal generators based on digital computational synthesizers 

It is known from literature sources that the most undesirable in the output spectrum of the 

DDS are spectral components that manifest themselves in the time domain in the form of 

phase interference of the synthesized signal. An effective method of their reduction is auto-

matic compensation (ACPI) [24-26]. The idea of the method in relation to DDS is that in the 

presence of parasitic phase modulation, all components of the spectrum are modulated ac-

cording to the same law as the synthesized frequency, but with different modulation indices, 

and since the clock frequency is constant, then by highlighting it in the spectrum of the output 

signal of the device, it is possible to carry out automatic compensation of phase distortions of 

the synthesizer output signal at a given frequency. 

To isolate phase distortions and generate compensating signals, two algorithms have been 

developed that implement distortion detection at different frequencies and are aimed at elimi-

nating differences between the reference and information signal(s) of the autocompensator in 

amplitude and shape while preserving phase shifts. The structural implementation of one of 

the algorithms is presented in the form of a path for generating ACPI control signals and is 

shown in Fig. 1.  
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Fig. 1 - Block diagram of the ACPI control signal formation path 

 

To form the reference signal of the phase detector PD from the output signal of the clock ref-

erence generator RG, the circuit uses the reference path RP, consisting of a T-trigger Tr1. To 

form an information signal from the output signal of the DAC, the circuit uses the infor-

mation path IP, consisting of a differentiating circuit DC, an amplifier Amp1, a full-wave rec-

tifier FWR and another T-trigger Tr2. Further processing of the reference and information 

signals is carried out in the control path CP, where phase detection of distortions in the PD 

and their low-frequency filtering in the LPF with subsequent amplification in the Amp2 takes 

place. As a result, a control compensating signal is formed, which is then used to reduce the 

phase distortion of the DDS in the control device of the control unit; in the low frequency re-

gion, it is easiest to use a controlled phase shifter (CPS). 

The work considers a variant of a sounding signal generator for geodynamic monitoring sys-

tems of the geological environment based on geoelectric control methods based on a DDS 

with ACPI and deviation control - Fig. 2. 

 
Figure 2 - A block diagram of a DDS with ACPI and deviation control 

 

On the basis of combining the structural schemes of Fig. 1 and 2, an equivalent functional 

model of the shaper was obtained, supplemented by a power amplifier (Amp). The following 

designations are adopted: ∆εi – phase deviations of the signal shaper blocks, Kni – transfer 
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functions of phase deviations of the signal shaper blocks, K – transmission coefficient of the 

corresponding block for phase deviation, MA(p) is the transfer function of the ACPI filter. 

On the basis of this equivalent functional model, the transfer functions of the shaper for the 

main effects are determined: 

– for the power amplifier  ∆εAmp 

HAmp = KAmp; 

– for a controlled phase shifter ∆εCPS  

HCPS = KAmpKDDSKAmp; 

– or the reference generator ∆εRG 

HRG = KRGKAmpKDDSKAmp; 

– for the auto-compensator amplifier ∆εAmp 

HAmp_ACPI = −KAmpKAmpKDDSKAmp; 

– for the phase detector of the autocompensator ∆εPD 

HPD(p) = −KPDMA(p)nAKAmpKDDSKAmp; 

– for the trigger of the information path ΔεTr2 

HTr2(p) = HPD(p); 

– for the trigger of the reference path ΔεTr1 

HTr1(p) = −HTr2(p); 

– for a full-wave rectifier ∆εFWR: 

HFWR(p) =
1

2KDDS
HPD(p); 

– for the DDS phase deviation ∆ε:  

HDDS(p) =
KAmp

1 + KCPSKPDMA(p)nУ
1
2

 

 

Mathematical model of the noise characteristics of the sounding signal generator  

Since all the noises generated or added by each component of the probing signal generator 

circuit for geodynamic monitoring systems of the geological environment based on geoelec-

tric control methods are small compared to the power of the useful signal, they can be added 

to the corresponding input or output effects [27-30] 

SSF = ∑ Si|Hi|
2

I

i=1

, 

where I is the number of blocks of the probing signal generator, i is the number of the current 

block of the probing signal generator, Si  is the SPD of the phase noise of the block, Hi is the 

transfer function of the block. 

For a theoretical description of the level of intrinsic phase noise of individual units of signal 

generators, an approximation of the SPD of their phase noise by power functions is used in 

accordance with the universal model. Typical ratios for the SPD of various blocks are given 

in [1-5]. 

Based on the generator transfer functions, a mathematical model of its noise characteristics is 

obtained as 
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Sout (F) =  SRG (F)|HRG (F)|2 + SCPS(F) |HCPS (F)|2 + SAmp_ACPI(F) |HAmp_ACPI (F)|
2

+

SPD(F) |HPD (F)|2 + +2STr(F) [|HTr1 (F)|2] + SFWR(F) |HFWR (F)|2+ 

+SDDS(F) |HDDS (F)|2 + SAmp(F) |HAmp (F)|
2

                                    (1).   

 

Modeling of the noise characteristics of the sounding signal generator 

We will use a highly stable HCMOS/TTL quartz oscillator as a reference generator for mod-

eling, and an AD9854 integral synthesizer as a DDS. 

Figure 3 shows the graphs of the SPD of the phase noise of the sounding signal generator at 

output frequencies 900, 600, 300, 90 kHz, and KDDS = 0.3, 0.2, 0.1, 0.03, respectively, ob-

tained using (1), and in Figure 4 shows the noise contributions of the components links. In 

Figure 4, the dependencies with auto–compensation are indicated in blue, and without it in 

red; in Figure 5, the noise contributions of the reference generator are indicated in blue, the 

ACPI is green, and the DDS is red. 

 
а)                                                                  b) 

 
c)                                                                  d) 

Figure 3 – SPD of the phase noise of the sounding signal generator in dBc/Hz as a function of 

frequency offset F in Hz at 900 kHz and KDDS =0.3 (a), 600 kHz and KDDS =0.2 (b), 300 kHz 

and KDDS =0.1 (c), 90 kHz and KDDS =0.03 (d) 
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а)                                                                  b) 

  
c)                                                                  d) 

Figure 4 – Noise contributions of the components in dBc/Hz as a function of frequency offset 

F in Hz at 900 kHz and KDDS =0.3 (a), 600 kHz and KDDS =0.2 (b), 300 kHz and KDDS =0.1 

(c), 90 kHz and KDDS =0.03 (d) 

 

In particular, the degree of compensation of phase noise is determined by the accuracy of set-

ting the parameters of the autocompensator. What makes it necessary to consider its paramet-

ric stability. So in Figure 6 graphs of phase noise suppression on the offset frequency are cal-

culated as 

B(F) = 10 log  (Sout
∗  (F)) − 10 log  (Sout(F)), 

where Sout
*(F) is the SPD of phase noise with compensation circuit turned off. In the figures, 

the red color is indicated by dependencies at nу = 2, blue – at nAmp = 10, green – at nAmp = 50 

and orange – at nAmp = 100. 

   
а)                                                                  b) 
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c)                                                                  d) 

Figure 5 – Degrees of phase noise compensation for various gains of ACPI amplifier in 

dBc/Hz as a function of frequency offset F in Hz at 900 kHz and KDDS =0.3 (a), 600 kHz and 

KDDS =0.2 (b), 300 kHz and KDDS =0.1 (c), 300 kHz and KDDS = 0.1 (c), 90 kHz and KDDS 

=0.03 (d) 

 

Conclusion  

According to the simulation results, it was found that the level of phase noise of the sounding 

signal generator at 1 kHz offset from the carrier oscillation for the output frequency of 900 

kHz is about minus 93 dB in the absence of ACPI and minus 105 dB if available, for the out-

put frequency of 600 kHz – minus 97 dB in the absence of ACPI and minus 108 dB if availa-

ble, for the output frequency of 300 kHz is minus 103 dB in the absence of ACPI and minus 

115 dB if available, and for the output frequency of 90 kHz – about minus 110 dB in the ab-

sence of ACPI and minus 125 dB if available. 

The obtained noise contributions of the generator units show that, regardless of the output 

frequency of the device and the DDS transmission coefficient, the main contribution to the 

phase noise of the shaper is made by the DDS, followed by ACPI and the reference generator. 

The lower the value of the KDDS, the lower its phase noise becomes. 

From the curves in Fig. 6, it can be seen that the maximum possible reduction in phase noise 

is about 15 dB and is achieved at nAmp values close to 10. At the same time, with a nAmp of 

more than 50, an area with negative compensation appears, due to the significant contribution 

of ACPI to the phase noise, and the higher the output frequency of the shaper, the larger this 

area is. 

The schemes, mathematical models and research results obtained in the work allow planning 

the parameters of the phase distortion autocompensator at the design stage of the entire 

sounding signal generator for geodynamic monitoring systems of the geological environment 

based on geoelectric control methods. 

 

Acknowledgements 

The work was supported by the RFBR grant 19-29-06030-mk "Research and development of 

a wireless ad-hoc network technology between UAVs and control centers of the "smart city" 

based on the adaptation of transmission mode parameters at different levels of network inter-

action". The theory was prepared within the framework of the state task of the Russian Fed-

eration FZWG-2020-0029 "Development of theoretical foundations for building information 

http://philstat.org.ph/


Vol. 71 No. 3s2 (2022) 

http://philstat.org.ph 

Mathematical Statistician and Engineering Applications 

  ISSN: 2094-0343 
2326-9865 

984 

and analytical support for telecommunications systems for geoecological monitoring of natu-

ral resources in agriculture". 

References 

1. Zhalud, V. Noise in semiconductor devices / V. Zhalud, V. Kuleshov. - Moscow, "Soviet radio", 

1997. – 416 p. 

2. Buckingham, M. Noises in electronic devices and systems. Translated from English / M. Bucking-

ham. – Moscow, Mir, 1986. – 399 p 

1. . 3. Belchikov, S. Phase noise: how to go down below -120 dBn / Hz at 10 kHz tuning in the frequen-

cy range up to 14 GHz, or the struggle for decibels / S. Belchikov // Components and technologies. – 

2009. - No5-6. 

3. Puglia, K.V. Oscillator phase noise: theory and prediction / K.V. Puglia // Microwave journal. - 2007. 

- P. 178-194. 

4. Esterline, J. Phase noise: theory versus practicality / J. Esterline // Microwave journal. – 2008. - P. 72-

86. 

5. Kroupa, V.F. Phase Lock Loops and Frequency Synthesis / V.F. Kroupa. - John Wiley & Sons, Ltd, 

2003. – 320 p. 

6. Goldberg, Bar-Giora. Digital Frequency Synthesis Demystified DDS and Fractional-N PLLs / Bar-

Giora Goldberg. - LLH Technology Publishing, 1999. – 355 p. 

7. Nouby M. Ghazaly, M. M. A. . (2022). A Review on Engine Fault Diagnosis through Vibration Anal-

ysis . International Journal on Recent Technologies in Mechanical and Electrical Engineering, 9(2), 

01–06. https://doi.org/10.17762/ijrmee.v9i2.364 

8. Belov, L.A. Formation of stable frequencies and signals: Textbook for students. higher. studies. insti-

tutions / L.A. Belov. – Moscow: Publishing center "Academy", 2005. – 224 p. 

9. Yampurin, N.P. Formation of precision frequencies and signals: Textbook. / N.P. Yampurin, E.V. 

Safonova, E.B. Zhalnin. - Nizhny Novgorod State Technical University. un-T. Nizhny Novgorod, 

2003. - 187 p. 

10. Shakhtarin, B.I. Frequency synthesizers: Textbook / B.I. Shakhtarin. - Moscow: Hotline - Telecom, 

2007. - 128 p.  

11. Aplonov, S.V. Geodynamics: Textbook – St. Petersburg: Publishing House of St. Petersburg universi-

ty, 2001 – 360 p. 

12. Kuzmin Y.O. Modern geodynamics and assessment of geodynamic risk in subsurface use // Moscow: 

AEN, 1999. – 220 p. 

13. Korolev V.A. Monitoring of the geological environment / Moscow: Publishing House of Moscow 

State University. - 1995. 

14. Bulla, P. . “Traffic Sign Detection and Recognition Based on Convolutional Neural Network”. Inter-

national Journal on Recent and Innovation Trends in Computing and Communication, vol. 10, no. 4, 

Apr. 2022, pp. 43-53, doi:10.17762/ijritcc.v10i4.5533. 

15. Khmelevskaya V. K., Gorbachev Y.I., Kalinin A.V., Popov M.G., Seliverstov N.I., Shevnin V.A. 

Methods of geophysical research: textbook. scholarship. Petropavlovsk-Kamchatsky: Publishing 

House of KSPU, 2004, 232 p. 

16. Khmelevskaya V.K., Kostitsyn V.I. Fundamentals of geophysical methods: a textbook for universi-

ties. Permanent. UN-T. Perm, 2010. -400 p 

17. Pozdnyakov A.I., Gulalyev S.G. Electrophysical properties of some soils / Moscow-Baku "Adiloglu". 

- 2004. – 240 p. 

18. Tume-Bruce, B. A. A. ., A. . Delgado, and E. L. . Huamaní. “Implementation of a Web System for the 

Improvement in Sales and in the Application of Digital Marketing in the Company Selcom”. Interna-

tional Journal on Recent and Innovation Trends in Computing and Communication, vol. 10, no. 5, 

May 2022, pp. 48-59, doi:10.17762/ijritcc.v10i5.5553. 

http://philstat.org.ph/


Vol. 71 No. 3s2 (2022) 

http://philstat.org.ph 

Mathematical Statistician and Engineering Applications 

  ISSN: 2094-0343 
2326-9865 

985 

19. Khmelevsky V.K. Electrical exploration. Handbook of Geophysics in two books. Edited by V.K. 

Khmelevsky and V.M. Bondarenko. - 2nd edition. - Moscow: Nedra, 1989. 

20. Khmelevsky V.K. Electorazvedka by the method of resistances. / Edited by V.K. Khmelevsky: Text-

book. – M.: Publishing House of Moscow State University, 1994. 160 p. 

21. Vankka, J. Direct Digital Synthesizers: Theory, Design and Applications / J. Vankka, K. Halonen. - 

Helsinki University of Technology, 2000. - 208 p. 

22. Ridiko, L.I. With DDS: direct digital frequency synthesis / L.I. Ridiko // Components and technolo-

gies. - 2001. - No7. 

23. Kester, U. Analog-to-digital conversion / Edited by W. Kester. - Moscow: Techno-sphere, 2007. - 

1016 P. 

24. Chaudhary, D. S. . (2022). Analysis of Concept of Big Data Process, Strategies, Adoption and Im-

plementation. International Journal on Future Revolution in Computer Science &Amp; Communica-

tion Engineering, 8(1), 05–08. https://doi.org/10.17762/ijfrcsce.v8i1.2065 

25. Kochemasov, V. Digital computing synthesizers - modern solutions. Part 2 / V. Kochemasov, D. 

Stock, A. Cherkashin // Electronics: science, technology, business. -2014. - No.4. - pp.154-158. 

26. Murphy, E. Direct digital synthesis (DDS) in test, measuring and communication equipment. / E. 

Murphy, K. Slattery. Trans.: A. Vlasenko // Components and Technologies. – 2006. - No8.  

27. Surzhik D.I., Kuzichkin O.R., Grecheneva A.V. Using Method Frequency Scanning Based on Direct 

Digital Synthesizers for Geotechnical Monitoring of Buildings / Lecture Notes in Electrical Engineer-

ing. - International Russian Automation Conference, RusAutoCon 2019; Sochi; Russian Federation; 8 

September 2019 to 14 September 2019; Code 237719. - Volume 641 LNEE, 2020, Pp. 253-261. 

28. Surzhik D.I., Vasiliev G.S., Kuzichkin O.R. The use of phase distortion autocompensation to improve 

the spectral characteristics of signal generators of radio transmitters of unmanned aerial vehicles / In-

ternational Journal of Engineering Research and Technology. Volume 13, Issue 11. – 2020. – Pp. 

3778-3782. 

29. Dorofeev NV, Grecheneva AV Kuzichkin OR, Surzhik DI, Romanov RV. The method and devices of 

autocompensation of phase distortions of direct digital synthesizers of signal formers of georadars / 

2018 2ND INTERNATIONAL CONFERENCE ON FUNCTIONAL MATERIALS AND CHEMI-

CAL ENGINEERING (ICFMCE 2018), series of books: MATEC Web of Conferences, Volume: 272, 

Volume: 01046. – 2019.  

30. M. S. Kiran and P. Yunusova, “Tree-Seed Programming for Modelling of Turkey Electricity Energy 

Demand”, Int J Intell Syst Appl Eng, vol. 10, no. 1, pp. 142–152, Mar. 2022. 

31. Kuzichkin O.R., Surzhik D.I., Vasilyev G.S. Noise characteristics of signal generators of radio trans-

mitters for wireless Ad-Hoc communication networks / Journal of Advanced Research in Dynamical 

and Control Systems. - Volume 12, Issue Special Issue 6, 2020, Pp. 496-504 

32. Kuzichkin O.R., Surzhik D.I., Vasiliev G.S., Kurilov I.A., Dorofeev N.V. Analysis of Noise Charac-

teristics of Multichannel Systems of the Formation of Signals of Georadars with Synthesized Aper-

ture / Active and Passive Electronic Components. – 2018. – 9429863. 

33. Vasilyev G.S., Kuzichkin O.R., Kurilov I.A., Surzhik D.I. Analysis of noise properties of hybrid fre-

quency synthesizer with autocompensating phase noise of DDS and PLL / 2016 International Siberian 

Conference on Control and Communications, SIBCON. – 2016. – 7491742. 

34. M. . Parhi, A. . Roul, B. Ghosh, and A. Pati, “IOATS: an Intelligent Online Attendance Tracking Sys-

tem based on Facial Recognition and Edge Computing”, Int J Intell Syst Appl Eng, vol. 10, no. 2, pp. 

252–259, May 2022. 

35. Surzhik D.I., Kurilov I.A., Kuzichkin O.R., Vasilyev G.S., Kharchuk S.M. Modeling the noise prop-

erties of hybrid frequency synthesizers with automatic compensation of phase noise of DDS / 2015 

International Siberian Conference on Control and Communications, SIBCON. - 2015. – 7147015. 

http://philstat.org.ph/

