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Abstract: Within the scope of this article, periodic pulse 
signal typical samples with harmonic components have been 
analyzed, including their spectral fluctuations, changes in 
their frequency range, and the form of signal typical samples 
depending on the distance. Collected statistical information 
regarding changes in the duration of typical samples affected 
by distance change from the signal source to the sensor based 
on data collected during field experiments. Signal features by 
which typical samples can be recognized have been outlined 
and their duration effectively measured. The dynamics of 
frequency spectrum change and duration of repetitive typical 
samples have been presented depending on the distance to the 
signal source. Additionally, the frequency range and average 
duration range of the researched typical samples, and their 
variations have been provided based on the gathered statis-
tics data. 

Index Terms: Discrete signal, Periodic pulse signal, Signal 
analysis, Signal distortion. 

I. INTRODUCTION
Distortion of signals, which are spreading through 

the physical environment may be caused by different fac-
tors such as fluctuation of temperature and humidity, the 
presence of external interfering sources and random proc-
esses like noise, and the non-uniform material structure of 
the environment itself [1]. 

Also, distortions of these signals can be found during 
the analog-to-digital conversion due to the nonlinear char-
acteristics of analog-to-digital devices [2]. A typical solu-
tion in digital signal processing tasks is the estimation of 
their shape based on the usage of correlation functions [3]. 
Furthermore, for signals with harmonic components in 
their spectrum, non-recursive and recursive digital filters 
can be applied, which can essentially be considered a form 
of correlation signal processing. Previously mentioned 
distortions can be related not only to the shape of signals 
but also to their phase and frequency characteristics [1]. 

A notable aspect of spectral and phase distortions is 
that they can be relatively easily compensated using corre-
lation-based digital processing methods. However, in the 
presence of time-domain signal distortions, such as com-
pression or stretching, correlation analysis somewhat loses 
its effectiveness and requires adaptation to possible signal 
shape variations for successful application [4]. 

The studied geo-signal, based on field-gathered data, 
contains different types of distortions which require further 
research to find sources of such distortions, log their fea-
tures, and how outside variables affect the signal. The 
importance of this information is in the understanding of 
the nature of signal fluctuations, knowledge of which may 
lead to improvement in the researched signal processing 
and capturing of searched typical samples. 

The conducted study aims to identify characteristic dis-
tortions in the waveform of pulse geo-signal typical samples 
caused by an increase in the distance from the source of their 
formation. The contribution of this study is an assessment of 
the time domain fluctuations limits of the investigated pulse 
geo-signals with harmonic components, caused by the change 
in the distance to the signal source, and usage estimation of 
the correlation methods for signal processing. 

II. LITERATURE REVIEW AND PROBLEM 
STATEMENT 

Fluctuation of information and measurement signals 
by amplitude is relatively not difficult to compensate with 
correlation processing methods. The larger problem is 
signal distortion of signals when their duration is expanded 
while the frequency composition remains relatively un-
changed [5]. This alteration in the time domain can affect 
the correlation between signals, impacting the accuracy of 
analyses that rely on signal alignment. 

In the context of structural health monitoring, meth-
ods such as baseline signal stretch (BSS) [6] and online 
recursive empirical mode decomposition (EMD) [7] have 
been proposed to improve the sensitivity and coverage of 
guided wave signals. These techniques aim to address the 
challenges posed by signal stretching, ensuring that the 
signals are appropriately processed and interpreted despite 
temporal distortions. 

Moreover, in the field of optics, the use of analog op-
tical auto-correlation techniques has been explored to 
achieve a high-resolution frequency spectrum of ultra-
short signal pulses which was covered in the article [8]. 
These methods involve stretching time by significant fac-
tors to enhance the observation/measurement time, which 
can impact the correlation analysis of signals due to the 
extended temporal domain. 
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In the field of geodesy and materials science also was 
observed issues with correlation caused by signal deforma-
tion. In geodetic studies in [5], the influence of aperiodic 
non-tidal atmospheric and oceanic loading deformations 
has been shown to significantly impact the seasonal spatial 
correlation in the global navigation satellite system 
(GNSS) vertical land motion time series. This highlights 
how external factors can introduce time-dependent varia-
tions that affect the correlation structure of signals. 

Source [6] reviews problems, in the context of 
GNSS, caused by the ionosphere signal distortions, which 
lead to severe deformations and fluctuations in time do-
main signals, affecting correlation function. These distor-
tions can impact the accuracy of signal processing and 
analysis in GNSS applications. 

Moreover, the presence of signal distortions, caused 
by spoofing attacks, can affect the symmetry of correlation 
functions in receivers, necessitating the development of 
new detection methods [7]. Additionally, distortions in 
GNSS signals, known as "evil waveforms," can cause 
significant disruptions in cross-correlation functions [8]. 
These distortions pose challenges in accurately processing 
and interpreting GNSS signals, impacting various applica-
tions reliant on precise positioning data. 

In geology, time-series processing plays a vital role 
in accurately separating various errors from the deforma-
tion signal, ensuring that the deformation signal is not 
mistaken for noise during filtering processes [8]. This 
highlights the importance of handling time domain defor-
mation correctly to avoid misinterpretations in subsequent 
processing stages. 

Article [14] reviews and compares time domain and 
frequency domain distortion compensation approaches for 
orthogonal frequency division multiplexing (OFDM) 
systems. Those systems have issues with distortions due to 
nonlinearities, such as power amplifier distortions. Addi-
tionally, what was introduced is a new analytical model of 
OFDM systems with clipping and filtering suitable for 
analyzing the time-domain distortion compensation ap-
proach. 

The study of vibrations in various contexts, such as 
in the analysis of surface characteristics of materials or 
fault detection, emphasizes the importance of understand-
ing how deformation in the time domain affects signal 
processing outcomes. Article [15] analyses the influence 
of manipulated variables on time domain statistical charac-
teristics and frequency of vibration signal captured during 
continuous drive friction welding. Study [16] provided a 
method of mechanical time domain vibration waveforms 
analysis based on quantum probability. That method was 
created to extract fault information from the time domain 
waveform effectively.  Both studies highlight the impor-
tance of time domain signal analysis to capture distortions 
which may lead to valuable information on the research. 

Another publication on the topic of faults captured by 
vibration signals [17] explores how a regularized sparse 
filtering model can help with fault diagnosis. The over-
viewed problem of speed fluctuation influence on the 
vibration signal and fault diagnosis results highlights the 

importance of accounting for external factors on the signal 
analysis and its further processing. 

Similarly, in dynamic signal evaluation, the impact 
of external factors like pressure fluctuations on time-
domain signal fluctuation is assessed using correlation 
analysis methods in the article [18]. 

Source [19] covers a review on the principles and 
applications of the photonic time-stretching imaging tech-
nique, its recent development, and the future trends. It 
shows how that method improved the speed of optical 
signal processing compared to traditional imaging meth-
ods. This highlights the importance of signal deformation 
analysis, particularly understanding how time domain 
signal stretching can improve existing signal processing 
techniques. 

Article [20] verifies the theory that small signal 
changes in amplitude-frequency or phase-frequency re-
sponse may cause time domain distortions or phenomena 
of paired echoes related to the pulse signal sent through 
dispersive transmission lines with discontinuities. The 
results of the study didn’t confirm the theory, although it 
was recorded that pulse signal dispersion caused by the 
transmission line caused time-domain distortion. That 
information highlights why the theoretical connection of 
influences on the signal requires additional study using 
available methods like theoretical methods, simulations, or 
field experiments. 

III. SCOPE OF WORK AND OBJECTIVES 
During the conducted field studies on the propaga-

tion of geo-signals over various distances, it was estab-
lished that typical samples under investigation are similar 
in shape, however, their duration may vary. 

Studies were conducted using a developed autono-
mous device based on an 8-bit microcontroller AT-
mega328p with embedded 10-bit resolution ADC [21], a 
sample rate of 100 Hz, which satisfies the conditions of the 
Nyquist-Shannon theorem based on the geo-signal fre-
quency spectrum range. The captured digital signal was 
transferred through a UART interface. 

Fig. 1 shows an example of mentioned previously 
typical samples of the signal.  

Signal distortion in the time domain, in this case, 
time stretching of the signal, leads to distortion in the 
frequency spectrum, which can be a result of absorption 
properties and the non-uniformity of the physical envi-
ronment through which they were transferring. 

As it is demonstrated in Fig. 2, the frequency spec-
trum of the signal in the range from 0 to 20 m. Here we 
can see that the signal exists in the range from 8 to 28 Hz.  

The frequency spectrum of the signal, shown in Fig. 
3, is in the range from 80 to 100 m. In this case, we can 
see that the signal frequency ranges now from 5 to 14 Hz. 
Those spectrums demonstrate how the distance of transfer 
through the physical environment can affect the frequency 
spectrum. Additionally, increasing the distance from the 
signal source results in the absorption of energy of its 
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high-frequency components by the environment through 
which it transfers. 
 

 
Fig. 1. The studied typical samples with form distortion 

 
Fig. 2. Frequency spectrum of geo-signal  

captured in range 0-20 m 

 
Fig. 3. Frequency spectrum of geo-signal captured  

in range 80-100 m 

The studied signals contain harmonic distortions and 
that causes difficulties for the detection process of typical 
samples since correlation is most effective when signals 
have unique amplitude forms and are constant in duration.  

Based on previous research in [22], of investigated 
signal spectral frequency analysis, a shift in the frequency 
range and a reduction in its width were observed with 
changes in the distance from the signal source, which 
requires further research. 

During spectral analysis of the signals obtained dur-
ing field studies, it was found that the signal frequencies 
fall within the range from 2 to 28 Hz, with the maximum 
energy observed in the range from 6 to 14 Hz. 

While investigating the impact of distance to the sig-
nal source on the frequency spectrum of observed signals 
within distances of 140 meters with a step of 20 meters, a 
narrowing of the spectrum from 3 to 28 Hz at distances 
from 0 to 40 meters to 2 to 17 Hz at distances over 100 
meters was observed. 

With increasing distance from the signal source, es-
pecially beyond 60 meters, its frequency range approaches 
the frequency range of noises, which also falls within 2 to 
17 Hz. The obtained results essentially indicate the possi-
ble limited effectiveness of applying frequency filters, as it 
was confirmed in [23,24] by applying a digital FFT filter 
for processing experimentally obtained signals within the 
mentioned frequency range. Additionally, analysis of the 
investigated sets of geo-signals is based on the results of 
frequency, presented in Fig. 4. 
 

 
Fig. 4. Average frequency range on the various  

distances to the source of signal 

A significant reduction in the width of their fre-
quency range can be observed with the change of distance 
from the signal source, decreasing from about 20 Hz 
within 0 to 40 meters distance range to 12 to 14 Hz after 
40 meters. Since the signal spectrum is closely related to 
its shape, which can be represented as a sum of harmonic 
components with different phases, it is advisable to inves-
tigate changes in the duration of typical samples. 

Based on the recorded observations of signal source 
distance influence on the signal amplitude and frequency 
spectrum, researched signal requires time domain research 
of the distance influence on the signal form of searched 
typical samples to evaluate signal form distortion, for 
further processing methods selection or improvement 
based on gathered signal characteristics, how it reacts to 
outside factors, according to the signal analysis results 
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IV. SIGNAL TYPICAL SAMPLES: COMMON 
FEATURES AND COMPLICATIONS RELATED  

TO THEIR FORM 
Based on the results of field experiments, it has been 

established that the investigated typical samples from the 
sensor have differences in amplitude shape and duration, 
complicating the application of mathematical functions 
such as correlation or convolution using a prepared tem-
plate. Furthermore, as the distance from the signal sources 
increases, their energy decreases, resulting in the attenua-
tion of the typical sample’s amplitude aperture. Fig. 5, Fig. 
6, and Fig. 7 shows how typical samples may change 
depending on the distance to the source of the signal. 

 

 
Fig. 5. Example of the studied fragment captured 

 on range from 0 to 20 m 

 
Fig. 6. Example of the studied fragment captured  

on range from 40 to 60 m 

As it has been reviously noted, the amplitude shape of 
the typical samples also undergoes changes, however, 
similar characteristic features are observed. These features 
include the presence of three extrema within 25 samples, 
observed in 72% of the cases among the set of recorded 

typical samples of the investigated signal. Additionally, 
instances of resonance have been detected, where the 
observed typical samples contain four or five extrema, 
accounting for up to 14% of cases for each typical sample 
type regardless of the distance to the signal source. 

 
Fig. 7. Example of the studied fragment captured  

on range from 80 to 100 m 
 
The common thing for all experimental datasets is 

that all typical samples have at least three extrema and that 
feature may be used for correlation signal processing 
adaptation to the signal time distortions. 

V. TYPICAL SAMPLES OF TIME-BASED 
DEFORMATION 

As it has been mentioned earlier, the typical samples 
are characterized by the presence of three extrema. There-
fore, the duration of such typical samples can be measured 
as the sum of the widths of three signal half-periods, visu-
ally determining the duration in samples of those signal 
fragments. Fig. 8, Fig. 9, and Fig. 10 display the typical 
samples width range based on the width of its three half-
periods. 

 

 
Fig. 8. Signal fragment with measured length  

of 14 smpl 
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During the investigation, typical samples were identi-
fied separately for each distance to the signal source from 
the signal datasets obtained in field experiments. Subse-
quently, they were sorted by duration, which allowed the 
identification of the most common durations of signal 
fragments, ranging from 14 to 18 samples. 

 

 
Fig. 9. Signal fragment with measured length of 16 smpl 

 
Fig. 10. Signal fragment with measured length of 18 smpl 
 

Furthermore, signal fragments appearing in mirrored 
amplitude representation (known as signal inversion ef-
fect) can be rarely observed. However, these mentioned 
distortions do not exhibit regular patterns. During the 
experiment, conditions triggering their periodic manifesta-
tion could not be identified. 

The data of the conducted studies, divided by dis-
tance to the signal source, form statistics on how searched 
typical samples duration changes. Fig. 11 demonstrates 
statistics on how many typical samples with specific dura-
tion were captured at the distance to the signal source from 
0 to 60 meters.  

The duration range of the typical samples gradually 
shifts; for instance, within distances of 0 to 20 meters, their 
duration is within 17 samples, and with increasing distance 

from the signal source, this range shifts towards greater 
widths. Thus, at distances of 40 to 60 meters, we can see 
that range shifted to range within 13 samples and 20 sam-
ples.  

 

 
Fig. 11. Quantity of signal fragments with specific form 

and width on distances up to 60 m 
 

Within the range of 60 to 100 meters, as it is demon-
strated in Fig. 12, the typical samples appearance of longer 
duration is observed with a distance increase from the 
signal source. When averaging the typical samples number 
of different durations, the duration range of such typical 
samples increases; however, it does not shift the starting 
point of the range to 14 samples of width. 
 

 
Fig. 12. Quantity of signal fragments with specific  

form and width on the distances up to 120 m 
 
It should be noted that typical samples at a distance 

within the range of 100 to 120 meters should not be con-
sidered a reliable source of information because the stud-
ied signal captured at that distance, has a frequency spec-
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trum close to the noise, which complicates the task of 
noise separation from typical samples, so we cannot proof 
that covered typical samples within that range do not re-
semble noise that was mistakenly perceived as a typical 
sample.  

The majority of gathered typical samples recorded 
within distances of 0 to 20 meters have a duration of 14 
samples, and with distances over 60 meters, corresponding 
fragments with a duration of 18 samples are observed in 
most cases. 

For distances from 0 to 60 meters, there is a gradual 
transition to an increase in the duration of typical samples. 

VI. CONCLUSIONS 
Based on the processed results of field experiments, 

datasets of digital signals from the geophysical sensor, 
which were separated based on their spectral characteris-
tics and amplitude shape depending on the distance from 
the signal source, conducted the analysis of statistical data 
regarding the width of characteristic signal fragments and 
their frequency spectrum ranges. 

The typical samples consisted of three or more ex-
trema. In the majority, 72% of the collected typical sam-
ples had exactly three extrema, and other cases had more 
than three extrema. That could be utilized for the detection 
and identification of the studied signal components, con-
sidering that the search based on amplitude shape was 
complicated by signal duration fluctuations. 

The frequency spectrum of the investigated typical 
samples ranged from 3 to 26 Hz, with the frequency spec-
trum narrowing and shifting towards lower frequencies as 
the distance from the signal source increases, especially 
noticeable within the range of 40 to 60 meters. 

The studied signal had amplitude, time domain, and 
frequency domain fluctuations caused by changes in dis-
tance to the signal source. The studied typical samples 
could be increased in time by ~86% or decreased by ~28% 
related to the average typical sample duration. One of the 
signal stretching reasons is the non-uniform environment 
structure of the environment where the signal was spread-
ing. That time domain signal deformation complicated the 
usage of a single correlation function because the task 
required usage of the separate templates for various dura-
tions. This situation led to an increase in the memory us-
age for templates and complicated the computational task. 

Possible solutions may be additional usage of other 
signal characteristics, in particular informational entropy, 
an adaptation of the signal processing correlation methods 
with the usage of geo-signal extremes, etc. 
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