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Abstract 
Purpose. Technical characteristics of a mobile rapidly deployable autonomous hydrophysical 
measuring system based on an array of drifting buoys, as well as the method for analyzing the obtained 
measurement data are described to study the characteristics of short-period internal waves.  
Methods and Results. The developed system is based on the autonomous free-drifting surface 
thermoprofiling buoys and the automatic receiving station. Each of the buoys is equipped with 
a measuring line with eighteen temperature sensors and a hydrostatic pressure sensor, a global 
positioning receiver, a data collection system and a satellite modem for data transmission. 
The receiving station consists of the information receiving unit, satellite communication antennas and 
global positioning system, as well as a personal computer with specialized software. A method for 
assessing the characteristics of short-period internal waves based on the observational data from 
autonomous hydrophysical system is presented. The novelty of the method consists in determining 
the time difference between the arrivals of internal wave trains at different measuring lines based on 
the local maxima of moving dispersion at the pycnocline depth. The examples of analyzing 
the observational data obtained in the large thermostratified lake (Lake Onega) and in the sea (Kara 
Gate Strait) are presented. The obtained and submitted estimates of phase velocity and direction of 
the propagation of internal waves are compared to the simplest model estimates. 
Conclusions. The developed software and hardware packages significantly simplify the process of 
studying the characteristics of short-period internal waves in relatively large lakes and distant areas of 
the World Ocean. The examples of system application have shown its versatility. In future, the buoy 
group can be supplemented with new buoys with additional sensors that will expand the possibilities 
for analyzing observational data. 
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Introduction 
One of the important current problems in ocean physics is the need to monitor 

the short-term and submesoscale variability of ocean hydrological field 
characteristics to determine the geographical features of their contribution to 
dissipative processes in various areas of the continental shelf [1]. The main difficulty 
in solving this problem lies in obtaining high-resolution measurements in both space 
and time simultaneously [2]. A similar problem in local water areas can be solved, 
for example, using clusters of temperature meters distributed across the area, such as 
moored chains (thermochains) [3] or integrated sensors [4]. However, setting up and 
removing moored stations is associated with significant difficulties and risks. Groups 
of thermochains (thermolines) lowered from [5] or towed behind a vessel [6] can 
also be used. 

Such approaches can be applied anywhere in the World Ocean. However, given 
the significant labor intensity and cost of such work, questions naturally arise about 
economic efficiency, selection of areas and the timing of observations. The answers 
to these questions led to the idea of using autonomous surface-drifting SVP-type 
buoys. Their successful use in programs such as GDP (Global Drifting Program) 

0F

1 
and UpTempO 1F

2 confirmed their high efficiency in studying the active layer of 
the ocean [7]. Therefore, temperature-profiling drifting buoys (SVP 
BTC60/GPS/ice), which were used to study the Arctic region in the UpTempO 
program and for which manufacturing experience is available to domestic 
manufacturers [8], can be considered a prototype for an inexpensive, mobile 
monitoring system. 

The improvement of this type of buoy and the unification of several buoys into 
a single measuring cluster [9, 10] enabled the development of a prototype 
monitoring system for short-period variability in the temperature of the active layer 
of the World Ocean. This prototype enables the characteristics of the field of short-
period internal waves (SIW) to be monitored at any point in the World Ocean and 
the data obtained to be transmitted and processed promptly. The buoy observation 
facilities are adapted for year-round use in the Arctic. The integrated information 
system ensures the collection of measurement data, their transmission through 
the buoy-user communication channels, and the processing and presentation of data 
at a timescale close to real time. This makes it possible to determine the amplitudes, 
periods, speeds and directions of propagation of SIW, based on the time difference 
between wave packets arriving at various buoys in the array. 

In [11] it is noted that similar systems were used in 1980–1990s, but their 
technical imperfections resulted in the method being abandoned. The new 
generation of systems is now being used more widely to record the spatial 
characteristics of internal waves in expeditionary practice. Therefore, 
the methodological basis for their use is only beginning to form. Specialized 
software needs to be developed from scratch to process data obtained from a specific 
buoy system. 
                                                           

1  ARGOS. Global Drifter Program. [online] Available at: https://www.argos-
system.org/project/global-drifter-program/ [Accessed: 05 September 2024]. 

2  UpTempO. Measuring the Upper Layer Temperature of the Polar Oceans. [online] Available 
at: http://psc.apl.washington.edu/UpTempO/ [Accessed: 05 September 2024]. 

 



 

PHYSICAL OCEANOGRAPHY   VOL. 32   ISS. 3   (2025) 394 

This paper aims to provide the technical characteristics of a rapidly deployable, 
autonomous, hydrophysical measuring system based on an array of drifting buoys. 
It also describes the method used to analyze the obtained measurement data in order 
to study the characteristics of short-period internal waves. 

 
Materials and methods 

Array of the drifting buoys used. To record the SIW characteristics, 
the Volna-DS-01 hydrophysical measuring system (drifting system) manufactured 
by Marlin-Yug (Russia) was used. It consists of at least three autonomous, freely 
drifting Volna-DB-01 surface temperature-profiling buoys (drifting buoys) (the 
number can be increased several times), and the station for automatic data reception 
from Volna PS-01 drifting buoys (receiving station). Fig. 1, a shows a diagram of 
the Volna-DS-01 hydrophysical measuring system. 

 

 
 

F i g.  1. Volna-DS-01 hydrophysical measuring system: a – diagram of the components (Volna-DB-01 
drifting buoy and Volna-PS-01 receiving station); b – schematic diagram of a drifting buoy 

 
Each drifting buoy (Fig. 1, b) consists of a floating hull and a measuring line. 

The hull is made of two polycarbonate hemispheres, hermetically connected by 
a flange mount. The upper part of the hull contains a hermetically sealed 
compartment with a USB A interface for connecting a flash drive. A flagpole with 
a red signal flag is installed on the hull and is equipped with a line to facilitate setting 
up and retrieving the drifting buoy. 

The hermetically sealed hull contains power supply elements that provide at 
least 1,200 hours of continuous operation, as well as a real-time system controller, 
a GNSS GLONASS/GPS module with an antenna and an Iridium satellite modem 
with an antenna. The GNSS module determines the coordinates of each drifting buoy 
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and synchronizes the measurement time. The satellite modem provides prompt 
transmission of the geographic coordinates of each drifting buoy with a resolution of 
10 minutes. Temperature and hydrostatic pressure profile measurements, buoy 
power source parameters and additional diagnostic information are transmitted 
synchronously with the geographic coordinates. The floating hull is equipped with 
a magnetic power switch and light indicators for the operating mode of 
the measuring system and the status of satellite data transmission. 

The measuring line consists of a twisted pair of cables and a supporting rope. 
The cable contains 18 digital temperature sensors and a hydrostatic pressure sensor. 
The readings from these sensors are used to determine their actual horizons when 
the measuring line deviates from the vertical. The nominal horizons of the sensors 
are shown in Fig. 1. The design of the temperature sensor housings ensures they are 
easily washed by the surrounding water, reducing the time constant. A deepening 
weight is located at the lower end of the measuring line. 

The Volna-PS-01 receiving station comprises a data reception unit, Iridium and 
GNSS satellite system antennas, and a laptop with specialized software. The data 
reception unit contains an Iridium satellite system modem and a controller, as well 
as an atmospheric pressure meter designed to correct the readings of the hydrostatic 
pressure sensors on the buoys. The GNSS antenna includes a BU-353s4/BR-355s4 
(GlobalSat) GPS receiver. The software displays the information received by 
the station in graphic (temperature distribution by depth and drift map) and text 
(buoy coordinates and station coordinates and speed) formats. The receiving station 
and the drifting buoys can be in any relative position, which enables the system 
status to be monitored both from the vessel and from the shore station. 

The table below provides information about the characteristics of the sensors 
used in the drifting system. The minimum possible measurement interval is 10 sec. 
 

Technical and metrological characteristics of the drifting system sensors 
 

Measured  
parameter 

Measurement  
range Measurement error Resolution Time  

constant 

Temperature −2…35 °С ±0.05 °С 0.015 °С 15 sec 

Hydrostatic  
pressure  850…10000 GPa ±0.4 % of the measured  

value 1 GPa 2 sec 

Location  
coordinates 

Latitude: 
−90°…+90°, 

longitude: 0°…360º 

Hit radius of 
95 % of locations does  

not exceed 10 m 
0.00001º – 

 
Examples of system application. Fig. 2 shows the location where the Volna-

DS-01 hydrophysical measuring system was used. 
Tests of the system were carried out in Kondopozhskaya Bay and Bolshoe 

Onego Bay in Lake Onega in June 2022, as part of the Karelian Scientific Center’s 
expedition aboard the R/V Ecolog (point 1 in Fig. 2). Lake Onega was chosen as 
a test site to minimize the risks of equipment failure or loss and to enable the use of 
a drifting system to record SIW characteristics in a large stratified water body.  

Marine measurements using a drifting system were carried out in July 2023 and 
2024 in the Kara Sea as part of the Floating University expeditions on 
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the R/Vs Dalniye Zelentsy and Professor Molchanov. The drifting system was 
deployed in the Kara Gate Strait (points 2 and 3 in Fig. 2), above the Novozemelsky 
Trench (point 4 in Fig. 2) and near Zhelaniya Cape (point 5 in Fig. 2).  

A total of six measurements were taken in Lake Onega with a total duration of 
46 hours. The duration of each measurement ranged from 3 to 10 hours. An example 
of a buoy drift map is shown in the inset of Fig. 2. Five measurements were taken in 
the Kara Sea, each lasting between 6 and 12 hours, for a total duration of 37 hours. 

 

 
 
F i g.  2. Map of application of the hydrophysical measuring system (1 – Lake Onega; 2, 3 – Kara Gate 
Strait; 4 – Novozemelsky Trench; 5 – Zhelaniya Cape); inset – map of the buoys B1–B3 drifts (1–3 are 
the manufacturer serial numbers) in Lake Onega on June 16, 2022 (red line shows buoy B1, purple 
line – buoy B2 and turquoise one – buoy B3) 
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Drifting buoys were installed and removed manually from a working boat at sea 
states of up to three to avoid damaging the floating housing. During 
the measurements, each drifting buoy collected data on the vertical temperature 
distribution in a 1–65 m layer and its own drift coordinates. These were 
supplemented by the results of control (background) measurements taken by 
CastAway (USA), CTD48M (Germany) and SBE19plus V2 (USA) CTD probes 
from other vessels. 

The paper will consider as an example the results of recording SIW 
characteristics in Lake Onega in June 2022 (Fig. 2, inset) and in the eastern part of 
the Kara Gate Strait in July 2023. 

 
Methodology for estimating SIW characteristics using drifting system data. 

In order to record the speed and direction of SIW propagation, simultaneous 
measurements must be carried out at the location of at least three spaced-apart points. 
These SIW characteristics are usually assessed based on the time difference between 
wave packets arrivals at measuring devices positioned at the vertices of a triangle 
[6]. Therefore, the accuracy of propagation speed and direction estimates depends 
on the accuracy of determining the arrival delay time of a wave packet. 

Various methods can be used to estimate delay time. In [5, 11, 12, 13], the delay 
time is estimated visually from the temperature fluctuation records directly. This 
method is effective when clearly distinguishable soliton-like waves are present in 
the records. However, in the presence of successive wave packets with a complex 
structure in the records, applying this method may be difficult. Another method of 
delay time estimation using the cross-correlation function maxima is described in 
[4, 6]. This method is applicable when the measuring devices are located at 
the vertices of a triangle, where the side length is much shorter than the length of 
the recorded waves. However, this configuration is not always convenient for 
implementation. The delay time can be determined using the integral temperature 
maxima [14] or the temperature change rate maxima at a certain horizon [3]. 
However, these methods are mainly described for use with large-amplitude and 
soliton-like waves. 

This paper uses the moving dispersion estimate [15] of the isotherm depth to 
estimate the arrival delay time of wave packets. The moving dispersion method has 
previously been used to estimate fluctuations in various ionospheric parameters [16], 
geochemical parameters [17], and ocean current velocities [9, 18]. Since the moving 
dispersion reflects local changes in time series properties, its maxima correspond 
well to solitons and SIW packets. 

Let us now take a closer look at the algorithm developed for processing 
the measurement data of the Volna-DS-01 drifting system (Fig. 3, a). The left-hand 
column of the block diagram shows the processing of data obtained from the vessel 
(background) and from buoys; the rest of the columns show the data only from 
the array of drifting buoys. 

In the first stage of data analysis, when calculating the moving dispersion, it is 
necessary to determine the optimal window for the calculation of dispersion at each 
step. In the present paper, the optimal window was calculated as the ratio of 
the average buoy-to-buoy distance (based on their geographic coordinates) to 
the phase velocity of the internal waves, using the two-layer approximation [19] and 
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background CTD probing data (see the left-hand column of the block diagram in 
Fig. 3, a). The optimal window essentially represents the minimum time during 
which a wave will propagate from one drifting buoy to another. If the phase velocity 
is underestimated, the optimal window may exceed the period of the recorded 
waves. Therefore, the optimal window can also be estimated by calculating 
the minimum period of the internal waves in the temperature fluctuation record. 
However, it should be noted that the true period of the waves is distorted by buoy 
drift due to the Doppler effect. 

 

 
 

F i g.  3. Algorithm for calculating the SIW characteristics based on the  drifting system measurements: 
a – block diagram of the algorithm (beige color shows initial data, pink – intermediate results, green – 
final results); b – graph for determining the SIW velocities and directions (letters N and E indicate 
the directions to the north and east, large dots labeled lat and lon show the buoy geographical locations 
at the time of wave packet recording, and signatures B1, B2 and B3 indicate the order of wave packet 
recording by the buoys of the drifting system where B1 is the buoy that first recorded the wave packet) 
 

Fig. 3, a shows the algorithm for calculating SIW characteristics in the middle 
and right columns of the block diagram. It should be noted that the accuracy and 
efficiency of time difference estimation between the wave packet arrivals, based on 
moving dispersion maxima, is affected by the choice of an isotherm for analysis. 
The isotherm is selected in the layer with the maximum vertical temperature 
gradient, where the depth experiences the greatest amplitude fluctuations. Then, 
with a constant step size equal to the discreteness of the measurements, the depth 
values are calculated. SIW amplitudes and periods are then determined from these 
values in accordance with the methodology [20]. 

The moving dispersion of the isotherm depth is calculated by taking into account 
the optimal window estimates, and is normalized to the maximum value to facilitate 
subsequent joint analysis. The graphs showing the temporal variability of 
the moving dispersion illustrate visual registration of successive local maxima that 
occur close together in time for different buoys in the drifting system. Moreover, 
typically, the delay between local dispersion maxima for one pair of buoys out of 
three is greater than for the other pair. 
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Next, the positions of the local maxima are validated by direct comparison of 
the moving dispersion graphs with the isotherm fluctuation records. Firstly, based 
on the local maxima of the moving dispersion, the order of wave packet recording 
by the system buoys is determined. Secondly, the moments of wave packet recording 
by each buoy in the system are determined. 

Then, taking into account the distance between the buoys (calculated using their 
geographic coordinates), the SIW phase velocity is determined [11]: 

 

12 2iw 13 3iw
ph

2 1 3 1

sinφ sinφL LС
t t t t

= =
− −

,                                      (1) 
 

where 12L  is the distance between B1 ana B2 buoys; 13L  is the distance between B1 
and B3 buoys; 1t , 2t , 3t  is the time of wave packet registration by B1, B2, B3 buoy 
sensors, respectively; ϕ2iw is the angle between the wave front line passing through 
B1 point and the direction from B1 point to B2 point, determined by the following 
formula 

32
2iw 3E 2E

3 1 12
32

2 1 13

sinarctg ,( ) cos
( )
t t L
t t L

 
 ϕ ϕ = ± ϕ ϕ

− − ϕ − 

>< , 

 

where 32φ  is the angle between the directions from  B1 point to B2 and B3 point; 2Eφ  
is the angle between the directions from  B1 point eastward to B2 point; 3Eφ  is 
the angle between the directions from  B1 point eastward to B3 point; 3iwφ  is 
the angle between the wave front line passing through B1 point and the direction 
from B1 point to B3 point, determined by the following formula 
 

3iw 2iw 32 3E 2Eφ φ φ , φ φ= ± >< . 
 

The SIW propagation direction (Fig. 3b) is determined by the formula [11]
iw 2iw 2E2 .ϕ = π+ϕ −ϕ                                             (2) 

 

There are also other expressions for calculating SIW characteristics [3, 6]. 
The expressions from [11] were chosen because the calculations using these 
expressions do not impose strict requirements on the relative position of the buoys, 
nor do they require a transition to another coordinate system.  

Expressions (1) and (2) are used to calculate the speed and direction of wave 
propagation in a moving reference system associated with a drifting system. To 
obtain absolute estimates of these values, the vector sum of the wave speed and drift 
speed vectors is calculated. It is assumed that the buoys are drifting at the same speed 
when the wave packet is recorded. 

The advantage of the method described in [11] is that the measuring system 
elements do not need to be rigidly fixed in space. The distance between the elements 
can be arbitrary and vary depending on the spatial scale of the phenomena being 
studied. The algorithm for processing the measurement results is implemented in 
the Matlab environment. The main data processing operations are accompanied by 
the graphic and text output. 
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Results and their discussion 
SIW characteristics in Lake Onega based on drifting system 

measurements. The measurement results of June 16, 2022 are given below as an 
example of the drifting system’s use in Lake Onega. The system was deployed over 
depths of about 36 m in Bolshoe Onego Bay. To ensure stable operation of 
the drifting system, the working length of the thermal lines was reduced to 30 m by 
winding the lower part into coils. The distance between the system buoys was 
∼ 300 m, and the drift velocity varied from 0.05 to 0.1 m/s. According to 
the background CTD probing data, stable temperature stratification was observed. 
The upper quasi-homogeneous layer had a thickness of 4 m, and the thermocline 
layer was located in the layer from 4 to 10 m, coinciding with the pycnocline 
position. The temperature gradient in the thermocline reached 0.9 °C/m, 
corresponding to a density gradient of 0.08 kg/m4. 

Fig. 4 shows fragments of the measurement results in Lake Onega. 
According to the data from each of the three buoys in the layer from 4 to 10 m, 

a clearly expressed wave packet with wave amplitudes of ∼ 1 m and periods of 10–
15 min is noted in the records of isotherm fluctuations (Fig. 4, a). Based on these 
records, it is difficult to visually identify the arrival time of the packet at the drifting 
system buoys. Given the 276 m distance between the buoys and a phase velocity of 
0.12 m/s according to the dispersion relation for a two-layer medium, the optimal 
window of the moving dispersion is 36 min. However, this exceeds the maximum 
period of the recorded fluctuations. Therefore, the optimal window of moving 
dispersion was set to the minimum wave period of 5 min. 

The moving dispersion calculation for the 10 °C isotherm depth (thick black line 
in Fig. 4, a), selected based on the maximum vertical temperature gradient, 
demonstrates successive maxima (Fig. 4, b), which corresponds well to the leading 
waves in the packet when compared with the isotherm fluctuation records. The first 
local maximum of the moving dispersion (t1) was recorded at buoy 3 at 10:05 (UTC), 
the second (t2) – at buoy 2 at 10:06, and the third (t2) – at buoy 1 at 10:18.  

Using the buoy position data, the phase velocity (0.33 m/s) and propagation 
direction (350°) of the leading wave of the packet were estimated in the reference 
system associated with the moving buoys using expressions (1) and (2), 
respectively. Taking into account the drift speed of the buoys of 0.08 m/s and 
the drift direction of 38°, the resulting wave packet propagation speed is 0.34 m/s 
in the direction of 2°. 

The obtained direction of wave packet propagation is consistent with the spatial 
position of the local maxima of the normalized moving dispersion (Fig. 4, c), 
the order of wave packet registration, and the estimated time difference between 
wave packets arriving at the system buoys. The SIW propagation velocity obtained 
from processing the drifting system data is three times higher than the phase velocity 
estimated using two-layer stratification (0.34 m/s versus 0.12 m/s). This difference 
is probably due to the significant nonlinearity of the registered wave packet, or to 
the fact that the two-layer approximation is not entirely suitable for describing 
the velocity of internal waves in shallow, weakly stratified waters. 
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F i g.  4. Fragments of the measurement results obtained at R/V Ecolog in Lake Onega in June 2022: 
a – records of isotherm fluctuations for three buoys of the drifting system (red dashed line is buoy B1, 
purple dashed line – buoy B2, turquoise dashed line – buoy B3; t1, t2, t3 are the designations for 
the moments of the wave packet arriving at the buoys of the drifting system); b – time variations of 
the moving dispersion normalized to its maximum value for the 10 °C isotherm depths with a 5 min 
window; c – map of the moving dispersion distribution along the buoy drift trajectories with the vectors 
of buoy drift velocities and SIW phase speeds (Cph is the phase speed of leading packet wave in 
the coordinate system related to the moving buoys, Vd is the buoy drift velocity and Cphr is the resulting 
phase speed) 
 



 

PHYSICAL OCEANOGRAPHY   VOL. 32   ISS. 3   (2025) 402 

 
 
F i g.  5. Fragments of the measurement results obtained at R/V Dalnie Zelentsy in the Kara Gate Strait 
in July 2023 (see designations in Fig. 4): a – records of the isotherm fluctuations for three buoys of 
the drifting system; b – time variations of the moving dispersion  normalized to its maximum value for 
the 9 °C isotherm depths with a 4 min window; c – map of the moving dispersion distribution along 
the buoy drift trajectories with the  vectors of buoy drift velocities and SIW phase speeds (designations 
are as in Fig. 4) 
 



 

PHYSICAL OCEANOGRAPHY   VOL. 32   ISS. 3   (2025) 403 

It should be noted that the relationship between the velocities of linear and 
nonlinear waves is often discussed in the context of the Kortweg – de Vries (KdV) 
theory, describing the behavior of nonlinear waves, including solitons [21]. 
According to this theory, the velocity of nonlinear waves depends on their amplitude, 
whereas the velocity of linear waves is determined solely by the properties of 
the medium (stratification and depth). 

 
SIW characteristics in the Kara Sea according to drifting system 

measurements. Let us consider the processing of drifting system measurements in 
the Kara Gate Strait on July 16, 2023 as an example. The system buoys were 
installed in the northeastern part of the strait (see Fig. 2), at depths of around 80 m 
and at a distance of about 140 m from each other. According to background sounding 
data, pronounced stratification close to a two-layer structure was revealed. 
The upper quasi-homogeneous layer, which was 5 m thick, and the lower layer were 
separated by a pycnocline in the 5–11 m layer, which had a density gradient of about 
0.42 kg/m4. The positions of the pycnocline and thermocline coincided. Given this 
stratification and in accordance with the dispersion relation for a two-layer medium, 
the phase velocity is 0.6 m/s. 

Fig. 5 shows fragments of the measurement results in the Kara Gate Strait. 
The records of isotherm fluctuations (Fig. 5, a) indicate the presence of SIW in 

a layer from 5 to 15 m, with amplitudes of about half a meter and periods of 
∼ 10 min. The complex nature of the fluctuations in the records does not allow 
a reliable estimate of the wave arrival time at the system buoys. The optimal window 
is the ratio of the distance between the buoys (136 m) to the phase velocity of 
the wave (0.6 m/s), which, when taking into account the minimum recorded wave 
period of 5 min, provides an adequate estimate of 4 min. In the maximum gradient 
area, the 9 °C isotherm was selected (Fig. 5, a). The moving dispersion of its 
occurrence depths is shown in Fig. 5, b. 

All buoys of the drifting system show successive local maxima, which 
correspond to waves of a similar shape in the isotherm fluctuation records. Buoy 1 
registered a wave at 12:01:00 (UTC) (t1), buoy 3 registered a wave at 12:11:10 (t2), 
buoy 2 registered a wave at 12:11:40 (t3). Such a small delay is associated with 
the direction of wave packet propagation, the small distance between the buoys and 
the relatively high phase velocity of the waves. The phase velocity calculated using 
expression (1) was 0.11 m/s, and the direction of propagation calculated using 
expression (2) was 14°. Taking into account the drift speed (0.53 m/s) and direction 
(65°), the resulting wave propagation speed was 0.6 m/s, and the direction was 57° 
(Fig. 5, c). The obtained phase velocity is close to the estimates obtained in the two-
layer model. The propagation direction corresponds to the position and order of 
registration of the dispersion maxima on the buoy drift map (Fig. 5, c), and is also 
similar to the general direction of propagation of SIW packet manifestations 
recorded from satellite data in the area under consideration [22, 23]. 
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Conclusion 
The paper describes a new hydrophysical measuring system based on an array 

of surface-drifting temperature-profiling buoys. The main advantages of this system 
are its mobility, ease of installation, and the ability to track the system's status in real 
time via a satellite communication channel. The disadvantages include the lack of 
a standard ability to change the position of the temperature sensors by depth. It is 
worth noting that the presented measuring system is suitable for recording a wide 
range of processes and phenomena occurring in the ocean, such as frontal and eddy 
dynamics.  

Methodological features of estimating the speed and direction of internal waves 
were described. A method for determining the delay time of wave packets arriving 
to measuring devices was demonstrated based on the results of calculating 
the moving dispersion with a window determined based on the stratification 
conditions, the configuration of the drifting system, and the period of the recorded 
waves.  

The results of using the system in Lake Onega and in the Kara Gate Strait are 
presented. Processing the measurement results using the proposed method based on 
calculating the moving dispersion allowed to determine the phase velocity and 
direction of SIW propagation. 

Comparing the results obtained in Lake Onega and the Kara Gate Strait, it is 
worth noting that with a decrease in the distance between the buoys, the estimate of 
the delay in the arrival of wave packets becomes more complicated, since 
the difference between the moving dispersion maxima is small. This is important to 
take into account in subsequent work, deploying the buoys so that the distance 
between them is approximately equal to the length of the wave being studied. 

As a result of using the Volna-DS-01 drifting system in 2022–2024, an 
extensive database of in-situ measurements was accumulated. The obtained wave 
characteristics in the future, together with the results of satellite observations and 
calculations using a high-resolution regional tidal model, will allow to determine 
the prevailing mechanisms of SIW generation in various areas of the Kara Sea. 

The presented algorithm will be further improved. A more detailed comparative 
analysis of various methods for signal delay time estimation is planned, as well as 
the use of other methods for estimating wave speed and direction. Data on the full 
density profile will be used to validate phase velocity estimates, and the period of 
the recorded waves will be adjusted taking into account the Doppler effect. 
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