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The complex processing of data from the shipborne lidar survey of the Black Sea coastal areas was carried out. In this 
area, internal waves are often observed according to contact and satellite observations. The source of probing linearly po-
larized laser pulses in the lidar is a solid-state laser with diode pumping of the YAG: Nd active element with a pulse power 
of 20 mJ at a wavelength of 532 nm and a duration of 7 ns. The co- and cross-polarized components of the echo signal were 
recorded during the lidar survey. The cross-polarized component of the echo signal was mainly used due to its greater sen-
sitivity to various kinds of inhomogeneities in the vertical distribution of hydrooptical characteristics. The purpose of pro-
cessing is to identify quasi-periodic structures in the spatial distribution of the characteristics of lidar echo signals caused the 
propagation of short-period internal waves. Three processing methods were applied: the approximation method, the wave-
let analysis method, and the Hilbert-Huang transform method. A large array of data obtained during 50 hours of lidar survey 
has been processed. Three 60-minute tracks containing quasi-periodic structures have been identified. The three processing 
methods results are in good agreement with each other and make it possible to obtain the most complete information about 
the parameters of the studied processes. The parameters of the recorded quasi-periodic processes are typical for internal 
waves observed in the coastal areas of the Black Sea. In the future, when processing a large amount of lidar sounding data, it 
is advisable to carry out fast processing by automated spectral methods at the first stage, and to carry out detailed processing 
by the approximation method only for those survey areas where quasi-periodic processes have been identified.
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Выполнена комплексная обработка данных судовой лидарной съемки прибрежных районов Черного моря, 
в которых ранее с использованием контактных и спутниковых методов наблюдались короткопериодные вну-
тренние волны. В качестве источника зондирующих линейно-поляризованных лазерных импульсов в лидаре 
использован твердотельный лазер с  диодной накачкой активного элемента АИГ: Nd с  импульсной мощно-
стью 20 мДж на длине волны 532 нм и  длительностью 7 нс. В  ходе лидарной съемки регистрировались ко- 
и кросс-поляризованная компонента эхо-сигнала. При обработке использовалась в основном кросс-поляри-
зованная компонента эхо-сигнала в силу её большей чувствительности к различного рода неоднородностям 
распределения гидрооптических характеристик с  глубиной. Цель обработки — выявление квазипериодиче-
ских структур в пространственном распределении характеристик лидарных эхо-сигналов, обусловленных рас-
пространением короткопериодных внутренних волн. В работе использовано три метода обработки: аппрок-
симационный метод, метод вейвлет-анализа и метод Гильберта-Хуанга. Обработан большой массив данных, 
полученных в результате 50 часов лидарной съемки. Выявлено три шестидесятиминутных трека, содержащих 
квазипериодические структуры. Результаты, полученные с использованием трех методов обработки, хорошо 
согласуются между собой и  позволяют получить наиболее полную информацию о  параметрах исследуемых 
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процессов. Параметры зарегистрированных квазипериодических процессов характерны для внутренних волн, 
наблюдаемых в прибрежных районах Черного моря. В дальнейшем при обработке большого объема данных 
лидарного зондирования целесообразно на первом этапе проводить быструю обработку автоматизированны-
ми спектральными методами, а детальную обработку аппроксимационным методом проводить только для тех 
участков съемки, на которых выявлены квазипериодические процессы.

Ключевые слова: судовой поляризационный лидар, лидарная съемка, морские акватории, внутренние волны, 
вейвлет-анализ, преобразование Гильберта-Хуанга

1. Introduction

Lidar survey of marine areas using radiometric lidars is efficient for the detection of light-scattering layers’ 
parameters [1,2], fish schools, and position of high phytoplankton concentrations associated with blooms, in-
cluding coccolithophorids [3–6]. Internal waves (IWs) determination and registration is a relevant application 
of lidar sounding [7–9]. The suitability of a lidar method for registering IWs is due to a correlation between the 
vertical distributions of hydrophysical and hydrooptical characteristics in subsurface layers of seawater. Be-
cause of this correlation, the remote estimation of the pycnocline depth is possible. Also, with the appropriate 
organization of the lidar survey process, it is practical to register quasi-periodic oscillations in the water column 
reflected in a change in the pycnocline position.

An important challenge of lidar sounding is the processing algorithms development and interpretation of 
both the result of each sounding and a series of results obtained when performing a lidar survey. A polarization 
processing algorithm estimates the stratification of a scattering coefficient based on the time dependence of 
the depolarization degree of the lidar echo signal [1, 3]. Various versions of the the base signal method com-
pare the received echo signal shape with the echo signal shape for a homogeneous section of the underwater 
sounding path. This method has shown efficiency in dealing with subsurface scattering layers [3, 7, 10, 11]. The 
approximation method is an extension of the base signal method, which is applied successfully for boundary 
determination between layers with different hydrooptical characteristics in the case of two-layer stratification 
[9]. Tracking the position of a boundary between the layers during lidar sounding enables the registration of 
quasi-periodic structures caused by the IWs’ propagation. To process a series of pulses obtained during a lidar 
sounding, we used spectral methods utilizing an amplitude change of the echo signal at a fixed depth. The com-
parison of processing results obtained with a range of methods is of particular interest because of the opportunity 
to derive a fuller insight into the studied process.

This work aims to use the complex processing of lidar survey data to register quasi-periodic processes occur-
ring in the near-surface seawater and to determine their parameters.

2. Materials and methods

2.1. Description of equipment and methods of lidar survey

In this study we use the marine polarization lidar PLD‑1 (jointly developed by the Laboratory of Ocean 
and Atmospheric Optics of the St. Petersburg Branch of the IO RAS and the Laboratory of Ocean Optics 
of the IO RAS) [12, 13]. As a source of probing pulses, the lidar uses a diode-pumped solid-state frequen-
cy-doubled YAG: Nd3+ laser (developed by LAGRAN LLC, Moscow) with the following characteristics: 
operating wavelength is 532 nm, probing pulse energy is 20 mJ, the probing pulse full width at half maximum 
is 7 ns, divergence at the 80 % energy level is 3 mrad, the probing radiation polarization is linear, and a rep-
etition rate is 1 Hz.

The two-channel receiving system registers co- and cross-polarized components of the echo signal. The 
diameter of the receiving optical system of the co-polarized channel is 63 mm, the cross-polarized channel is 
90 mm, and the field of view of the optical systems of both channels is 2°. The polarization method provides a 
number of advantages for the water column sounding with an inhomogeneous distribution of hydrooptical char-
acteristics with depth [1, 2, 9, 13]. Therefore, in this work, we mainly analyse the cross-polarized component 
of the echo signal.
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Signals from photodetectors are registered with a LeCroy HDO 4034 digital oscilloscope with a bandwidth 
of 350 MHz, a sampling rate of 2.5 GS/s, and a dynamic range of 12 bits. The vertical range resolution (the 
minimum change in the immersion depth of a scattering object detected by a lidar) is determined by the char-
acteristics of the impulse function front of the measuring system. In the experiments with a moving flat shield, 
the PLD‑1 lidar reliably recorded a range resolution of about 30 cm [12].

During the survey, the optical unit of the lidar was installed on the top deck of the vessel. The height of the 
the lidar above the water surface was 9.5 m. The lidar mounting and pointing device adjusted the probing angle 
to 20° from the vertical to minimize the influence of the specular reflection of the laser beam from the rough 
water surface.

The ranging method [14] that uses various parts of the signal with different sensitivities of the receiving-re-
cording system allowed the expansion of the dynamic range of the lidar echo signals registration. One of the os-
cilloscope channels registered the entire signal range, from zero to the maximum amplitude; the other recorded 
the signal with a 10-fold amplification at the saturation of the impulse top. In this case, it is possible to record 
the echo signal attenuation curve at a depth of more than 10 m in more detail since the signal changes are con-
siderably smaller than for the entire amplitude recording.

During the survey, the lidar was tacked at a low speed of 4 knots. Each of the lidar survey sessions lasted 
about 1 hour. From the drifting vessel between the series of lidar sounding, the light attenuation coefficient of 
seawater at a wavelength of 530 nm was measured with a C-Star Transmissometer with 25 cm path length, the 
C-Star Transmissometer was a part of Seabird SBE 25. The Secchi depth ZS was estimated during daylight.

2.2. Conditions during experimental studies

Experimental studies took place in the Feodosia Bay of the Black Sea in the summer of 2016. The study 
area was located over the 1000–1200 m deep region near the continental slope from 100 to 1200 m. The contact 
observations [15, 16] and satellite imagery data [17–19] indicate that the shelf zone of the Black Sea is a place 
of active generation and propagation of IWs.

The Secchi depth ZS in the area of experimental studies varied from 9 to 11 m. A typical profile of the 
vertical distribution of hydrophysical characteristics and the attenuation coefficient in the study area is shown 
in Figure 1. The total depth at the profile measurement point was 1050 m. The distribution features of the 
attenuation coefficient in this area are in good agreement with the distribution of hydrophysical character-
istics. The layer of the increased gradient of the attenuation coefficient corresponds to the position of the 
pycnocline. It is important to note the complete absence of a layer of increased light scattering associated 
with the pycnocline.

Sea state did not exceed 1 point during the measurements. The vessel speed was 4 knots. The influence of 
surface waves and slight rolling on the accuracy of determining the position of the depth of the intermediate 
layer can be estimated using a long series of soundings of homogeneous areas. An analysis of similar sounding 
series showed that the layer boundaries error is 0.4 m. Lidar survey data were averaged over 20 signals during 
processing. The averaging reduced the multiplicative errors caused by the waves and ship motion to 0.2 m. Note 
that this averaging has practically no effect on the possibility of registering periodic structures in the period 
ranges of interest to 3–10 min.

2.3. Processing methods

The purpose of processing a lidar echo signals series is to search for and determine the parameters of qua-
si-periodic processes caused by the propagation of short-period IWs. The goal is to register the manifestation 
of quasi-periodic structures and determine the period, amplitude, timing, and a number of oscillations in a 
wave packet. Three methods were used to process the lidar survey data: the approximation method, the wavelet 
analysis, and the Hilbert-Huang transform. Each of the methods estimates the echo signal decay form and its 
changes in a series of lidar signals.
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Fig. 1. Typical profile of the hydrophysical characteristics of sea water in the work region

Research [9] shows the efficiency of the approximation method for processing lidar signals with two-layer 
stratification of hydrooptical characteristics. The essence of the method is the identification of echo signal de-
cay segments and tuning the parameters of the analytical approximation function, the form of which follows 
from the lidar equation [1]:
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where a and b are the approximation parameters, cw is the speed of light in water, t is the time counted from the 
moment the probe pulse crosses the water surface, nw is the refractive index of seawater, H is the distance from 
the lidar to the surface.

The shape of the echo signal attenuation with depth marked the segments’ boundaries for approximation. 
The closeness of the segment approximations evaluated by a least square method determined the accuracy crite-
rion for the depth intervals and parameters a and b. The intersection of the approximation curves for the upper 
and intermediate segments of the echo signal decay signal was a characteristic point. It marked the position of 
the boundary between the layers. As shown in [9], the position of the layer boundaries found by this method cor-
responds to the pycnocline location. The boundaries between the layers changed location under the influence of 
various hydrophysical factors changes with time. Remote registration of these changes was possible due to the 
processing of the lidar data array.
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The advantage of this method is an image that shows the vertical displacement of the boundaries be-
tween layers attributed to the thermocline location, which allows estimation of the period, amplitude, 
number of oscillations in the train, and the time of registration of quasi-periodic structures. Presently the 
method is quite laborious since the existing processing program requires expert assessment to analyse each 
echo signal.

The other two methods used in this work are based on the spectral analysis of changes in the amplitudes of 
echo signals from a fixed depth, which carries information about the value of the backscatter coefficient. In this 
case, the problem of lidar data analysis is a search for quasi-periodic changes in the amplitude of the backscatter 
signal at given horizons.

Wavelet analysis is used for various problems in oceanology [20]. In particular, the parameters of the 
IWs were determined from the temperature profiles and the transmissometer [21] using wavelet analysis. 
This work also shows a high correlation between changes in temperature and the light attenuation coeffi-
cient of seawater in the region of the high gradient layer. Unlike the Fourier transform, wavelet analysis 
resolves both the presence of periodic processes in a given frequency interval as well as their allocation 
in time.

The wavelet analysis technique used to sample the amplitudes of lidar echo signals from a fixed depth 
is similar to the technique used to analyse thermal line data [21]. For the lidar sounding data pre-pro-
cessing, the second-order Savitsky-Golay filtering of the initial signal was used with a window of 15 min 
to suppress low-frequency components comparable to the duration of the lidar sounding series [22]. The 
Morlet wavelet with a central frequency of 2π was chosen as the mother wavelet. For each sample from a 
given depth of the lidar series, the amplitudes of the wavelet transform coefficients and their significance 
levels were calculated in relation to Brownian noise with a 95 % threshold [23]. A disadvantage of wavelet 
analysis is the dependence of the accuracy of determining the parameters of quasi-periodic structures and 
their registration time on the duration and discreteness of measurements in a series of lidar soundings. 
The influence of edge effects and binding to a predetermined functional basis also introduces errors in the 
parameters of the selected signals.

Another method of spectral analysis is the Hilbert-Huang transform, which is actively used in vari-
ous fields of science to study nonlinear and non-stationary oscillatory processes [24]. In oceanological 
applications [25–28], the Hilbert-Huang transform was used to study the parameters of nonlinear and 
collapsing IWs.

The Hilbert-Huang transform assumes that any signal consists of various internal types of oscilla-
tions superimposed on one another, and, in contrast to the Fourier analysis, the expansion is performed 
only for those harmonics (i. e., empirical modes) that are present in the original signal. Unlike harmonic 
analysis, where the signal model (discrete or continuous) is specified in advance, the empirical modes are 
determined during the processing. The method of empirical modes (EMD — Empirical Mode Decompo-
sition) consisted of the decomposition of data into several internal mode functions (IMF — Intrinsic Mode 
Functions) and a trend function by sieving. Further, the Hilbert transform is applied to the IMF series to 
calculate the instantaneous frequency and amplitude of the signal for each moment in time. The Hilbert 
transform result is a series in three dimensions, signal duration, period, and amplitude. When analysing 
non-stationary processes, Hilbert spectra reflect energy flows in time, space, and between different com-
ponents of the spectra also. The Hilbert-Huang transform allows tracking the frequency and amplitude 
change in time of the studied process.

The advantage of using the Hilbert-Huang transform over wavelet analysis is higher sensitivity to changes 
in the signal amplitude of the considered oscillatory process [27]. The decomposition of the original series is 
based on the signal itself and does not have a predetermined functional basis (unlike the wavelet transform), 
which means that it can be applied to signals of any shape. The Hilbert-Huang transform also does not require 
additional signal preparation, as in the case of wavelet analysis using the Savitsky-Golay filter.
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t, min

Z,
 m

Fig. 2. The position of the upper and lower boundaries of the middle layer, obtained on the 
track No. 1 by the approximation method

Unlike the approximation method, which requires the participation of an operator and expert assessment, 
the processing of samples of lidar echo amplitudes at a given depth by spectral methods is fully automated. 
MATLAB 2021b software package with the built-in Signal Processing Toolbox and Wavelet Toolbox functions 
was used for the software implementation of the spectral methods.

3. Results and discussion

The total time of the lidar survey was about 50 hours. After a large amount of data processing, three tracks 
with quasi-periodic structures were identified. Figures 2–5 show the results of processing the lidar survey data 
on track No. 1. The approximation method results are shown in Figure 2. The upper curve corresponds to the 
upper boundary of the intermediate layer, and the lower curve denotes the lower one. For echo signals at the 
beginning of the cycle, considering the features of the decay shape, the following depth intervals were chosen 
for the parameters of the approximating functions: 11–13 m, 13–16 m, and 16–21 m. In the event of the echo 
signal shape change during processing, the position of these boundaries is corrected. The result of the track 
processing shows that the position of the upper boundary of the layer remains practically constant throughout 
the entire track, while a clearly pronounced periodic structure is recorded at the lower boundary. The average 
oscillation period was 5 min, and the amplitude was about 1 m.

Wavelet analysis of the track No. 1 data was performed for the time-dependent change in the amplitudes 
of the echo signal at a fixed depth in the range of 14–24 m with a step of 1 m. The clearest result was obtained 
for a depth of 17 m, close to the position of the thermocline. The result of the wavelet analysis of this horizon 
is shown in Figure 3. In Figure 3, a, the local coefficients of the wavelet transform are presented in graphical 
form, the abscissa is the time axis for lidar echo signal series, and the ordinate axis is the period. Figure 3, a is a 
wavelet image showing all the characteristic features of the process, the scale and intensity of periodic changes 
in the amplitude of the lidar echo signal at a given depth, as well as the presence, location, and duration of areas 
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а)

b)

Fig. 3. The result of data processing of the track No. 1 from a fixed depth of 17 m using wavelet analysis: a — the amplitudes 
of the wavelet transform coefficients; b — the time-averaged power of the wavelet spectrum, normalized to the 95 % 

significance level with respect to the Brownian noise

corresponding to increased values of the wavelet coefficients. The solid black line marks statistically significant 
parts of the signal having a 95 % significance level compared to Brownian noise. In the lower right part of the 
figure, there is a statistically significant signal segment with a central period of 6 min and a duration of about 30 
min, which indicates the presence of a quasi-periodic process with the corresponding characteristics, detected 
by an amplitude change of lidar echo signals at a specific depth.

The dotted curve highlights the zone of strong edge effects. The range of periods indicated in the figure is 
determined from the expression for the time scales of the signal and depends on the discreteness and duration 
of the original signal [23]. In Fig 3 the dashed horizontal lines show the time ranges for the power of the wave-
let spectrum averaging. The spectral power of Brownian noise is presented as unity. From the 25th to the 50th 
minute, the values of the averaged power spectrum exceed the Brownian noise power, which confirms the sig-
nificance of fluctuations in this time interval.

The result of wavelet analysis of data from the same track, but obtained from a depth of 14 m, is shown in Fig 4. 
Oscillations in the considered range of periods also find a place at this depth, but the calculation of the power spec-
trum averaged over time scales from 4 to 8 min, shown in Figure 4, b, makes it possible to estimate the significance 
of these oscillations. For almost the entire track, the average power spectrum is less than unity, which indicates 
that these signals are insignificant despite the periodicity. This result is consistent with the behaviour of the upper 
boundary of the intermediate layer, the position of which was obtained using the approximation method (Fig 2).

The data of track No. 1 were also processed using The Hilbert-Huang transform. Figure 5 shows the spec-
trum calculated for the amplitudes of lidar echo signals at a depth of 17 m. The figure shows the time behaviour 
of the IMF for time ranges of 1–8 min. The amplitude of the presented mode function is shown in colour. The 
dimension of the amplitude coincides with the dimension of the original sample from the depth. A wave packet 
is observed in the spectrum with a 2–5 min period and a duration of about 30 min.
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а)

b)

Fig. 4. The result of data processing of the track No. 1 from a fixed depth of 14 m using wavelet analysis: a — the amplitudes 
of the wavelet transform coefficients; b — the time-averaged power of the wavelet spectrum, normalized to the 95 % 

significance level with respect to the Brownian noise

Fig. 5. The intrinsic mode function, characterized by periods from 1 to 8 min, obtained by processing the distribution of 
echo signal amplitudes from the depth of 17 m on track No. 1 using the Hilbert-Huang transform

The results of No. 2 track processing are shown in Figures 6–8. The approximation method for the track is 
shown in Figure 6. For the echo signals at the beginning of the cycle, the following depth intervals were cho-
sen for the approximating functions parameters’ evaluation: 11–13, 13–16, and 16–21 m. Dissimilar to track 
No. 1, synchronous oscillations of the upper and lower boundaries of the intermediate layer were recorded. The 
maximum amplitude at the upper boundary was 1 m, and 2 m at the lower boundary. In total, 5 oscillations are 
observed with an average period of 8 min.
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For the track No. 2 data, wavelet analysis was performed for the echo signal amplitude change with time at a 
fixed depth in the range of 14–24 m with a step of 1 m. The most evident result was obtained for a depth of 18 m.  
Figure 7 shows an analysis at this horizon. Statistically significant fluctuations with a period lying in the range 
of 4–8 min throughout almost the entire track are identified with the wavelet analysis.

Z,
 m

t, min

Fig. 6. The position of the upper and lower boundaries of the middle layer, obtained on the track No. 2 by the approximation 
method

а)

b)

Fig. 7. The result of data processing of the track No. 2 from a fixed depth of 18 m using wavelet analysis: a — the amplitudes 
of the wavelet transform coefficients; b — the time-averaged power of the wavelet spectrum, normalized to the 95 % 

significance level with respect to the Brownian noise
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Z,
 m
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Fig. 9. The position of the upper and lower boundaries of the middle layer, ob-
tained on the track No. 3 by the approximation method

Fig. 8. The intrinsic mode function, characterized by periods from 2 to 16 min, obtained by processing the distribution of 
echo signal amplitudes from a depth of 18 m on track No. 2 using the Hilbert-Huang transform

Tack No. 2 processing results from a horizon of 18 m by the Hilbert-Huang transform are shown in Fig-
ure 8. The figure shows the IMF behaviour in time for periods of 2–16 min. The spectrum reveals a wave packet 
of three oscillations with periods between 2 and 12 min. Unlike the approximation method, the Hilbert-Huang 
transform precisely identified periodic structures starting from the 15th minute. This can be explained by the fact 
that the approximation method determined the first two oscillations; however, due to the considerable differ-
ence in the period (about 5 minutes) with the following oscillations, the harmonics did not fit the expansion of 
the IMF and remained undetected.

The track No. 3 processing results are shown in Figures 9–11. Figure 9 shows the approximation method 
performance. For the echo signals at the beginning of the cycle, the following depth intervals were chosen for 
approximating functions parameters estimation, 11–13, 13–16, and 16–21 m.
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а)

b)

Fig. 10. The result of data processing of the track No. 3 from a fixed depth of 18 m using wavelet analysis: a — the amplitudes 
of the wavelet transform coefficients; b — the time-averaged power of the wavelet spectrum, normalized to the 95 % 

significance level with respect to the Brownian noise

Fig. 11. The intrinsic mode function, characterized by periods from 2 to 8 min, obtained by processing the distribution of 
echo signal amplitudes from a depth of 18 m on track No. 3 using the Hilbert-Huang transform

Note that four oscillations are distinguished at the lower boundary, while only the two most intense fluctua-
tions are traced at the upper boundary. The maximum amplitude at the upper boundary is 0.6 m, and 2 m at the 
lower boundary. The average oscillation period is 7 min.

Similar to the track No. 2, the most considerable result obtained with the wavelet analysis at the track No. 3 
was for a depth of 18 m. The results are shown in Figure 10. Periodic structures were registered throughout al-
most the entire track. The most intense oscillations were observed in the first half of the track, which agrees with 
the approximation method result.
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Figure 11 shows the Hilbert-Huang spectrum obtained for a depth of 18 m. Apparently, oscillations with an 
average period of 6–7 min are detected in the spectrum along the track. In this case, the most intense oscilla-
tions are observed in the first half of the track, which is shown in colour in Figure 11 and in agreement with the 
results shown in Figures 9 and 10.

The IWs were registered while the vessel was on the move at a speed of 4 knots (2 m/s). Using the 
hydrological measurements in the research area, the estimate of the IWs’ phase velocity was 0.5 m/s. 
However, the internal waves’ propagation direction was not determined during the experiment. Therefore, 
only the interval limits of measured wavelength were estimated for the measured IWs with a 6 min period. 
It was 540 m when the vessel was moving against the wave and 900 m when the directions coincided. To 
estimate the real value of the IW’s wavelength, the angle between the velocities of the vessel is necessary, 
but it belongs to this interval.

The results obtained using spectral methods for all three tracks, namely the period and localization of qua-
si-periodic structures, are in good agreement with each other and with the result obtained by the approximation 
method. Some discrepancies in the position and periods of the selected oscillations are due to non-strict peri-
odicity and a limited number of periods, which complicate the spectral analysis.

4. Conclusion

The performed complex processing of the data array from the shipborne lidar survey in the Black Sea 
coastal areas was aimed at searching for and determining the parameters of quasi-periodic structures caused 
by the propagation of IWs. The three processing methods were used. Each of the methods has its advantages 
and disadvantages. The most illustrative is the approximation method, which provides an image of vertical 
displacements of regions with sharp gradients of the attenuation coefficient confined to the density gradient 
layer. The advantage of the applied spectral methods, namely, wavelet analysis and the Hilbert-Huang trans-
form, is the possibility of fast processing of a large data array, which produces an estimation of the period 
and localization of quasi-periodic processes. The results obtained by each of the three methods are gener-
ally consistent with each other. Some quantitative discrepancies may be due to the non-strict periodicity of 
the processes under study and the limited number of fluctuations in a train, which complicate the spectral 
analysis. Presently, the approximation method requires an expert assessment, which makes its application 
very laborious. Therefore, when processing large data arrays, it is advisable at the first stage to perform fast 
automated spectral approaches and proceed to detailed processing by the approximation method only for 
those survey areas where quasi-periodic processes were identified. This approach significantly facilitates the 
retrieval of the fullest information.

The methods described in this work can be applied to airborne lidar survey data, which has a number of 
advantages, such as high productivity and the ability to obtain a synoptic picture of the dynamic processes oc-
curring in the near-surface layer of seawater. For the following steps, it is necessary to conduct studies in waters 
with other types of stratification, while lidar sounding should be complemented by synchronous contact mea-
surements of hydrophysical and hydrooptical characteristics.
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