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Summary 

The possibility of using a hydroacoustic channel for digital data transmission is very limited. This is 
due to the effect of multipath propagation of the emitted acoustic wave and the damping of the 
mechanical wave in this medium, which increase with frequency. The first of these phenomena results 
in inter-symbol interference disturbances in data transmission systems, including even hundreds of 
symbols. Due to the number of reflections and, at the same time, the long memory time of the 
hydroacoustic channel, it is particularly difficult to ensure communication in water of harbour areas, 
channels and straits with a rocky bottom etc. Therefore, our goal is to develop a method of echoes 
reduction in the hydroacoustic channel, which could be used in broadband underwater 
communication systems. The article presents researches carried out on method of echo reduction in 
digital data transmission in the hydroacoustic channel. The effectiveness of the method will be 
evaluated based on a comparison of the impulse responses of the hydroacoustic channel determined 
before and after the elimination of the echo. Moreover the variance of in-phase component as well as 
coefficient of variation will be determined for transmitted digital data and compared before and after 
using proposed method of echoes elimination. The researches will be carried out for different carrier 
frequencies of the test signals. In the research, we will use simulation methods and experimental 
research conducted in the laboratory conditions. 

Keywords: multipath propagation, echoes reduction, data transmission, hydroacoustic channel 

 

1. INTRODUCTION 

Propagation of sound in water is accompanied by a number of physical phenomena. Most of them have a 
negative impact on the possibility of using a sound wave for data transmission in hydroacoustic channel. An 
example of these phenomena can be refractions (positive, negative or variable sign), which affects the 
geometric range of hydroacoustic devices. Another phenomenon is the expansion of the wave front, which 
reduces the signal strength along with the distance from the sound source. The resistance of the 
environment, which increases as the frequency of the acoustic wave increases, also reduces the power of the 
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received signal [5, 6]. Here it should be emphasized that the higher carrier frequencies allows faster data 
transmission, but at the same time reduces the distance at which data can be transmitted. A serious problem, 
especially when it comes to underwater communication, is the multipath propagation effect. Due to the 
relatively long memory time of the hydroacoustic channel, it causes inter-symbol interference, which under 
certain conditions may prevent transmission completely. This phenomenon is particularly evident in waters 
with strong hydrotechnical buildings (ports, canals), rocky bottoms, shallow water, etc. The multipath 
propagation effect results mainly from the reflection of an elastic wave from underwater obstacles. These 
obstacles may be specific underwater elements (walls, pillars, etc.), but also the surface of the water, the 
bottom as well as sudden changes in the physical and chemical properties of the water, for example salinity 
or temperature. This means that apart from the original sound, the receiver also receives reflected waves 
(echoes) of the transmitted signal. Echoes will have a lower level due to scattering, which depends on the 
frequency of the transmitted wave as well as on the material, from which the obstacle is made, its location 
and dimensions. Nevertheless, disturbances introduced by echoes may prevent proper reception of data 
transmitted using a hydroacoustic channel. This problem is very serious, because while there are many 
devices on the market for data transmission in the hydroacoustic channel, the vast majority of them can’t 
cope with difficult propagation conditions, e.g. ports, where the effect of multipath is strong and the number 
of echoes reaching the receiver is significant. 

For the above reasons, the authors of the article aimed to develop a method that would allow to 
reduce echoes during data transmission in the hydroacoustic channel. 

This article is dedicated to research carried out in area of hydroacoustic and telecommunication. It 
must be noted that methods of echo reduction (echo cancellation, echo suppression) are commonly used in 
telephony [7]. There are some reports of using this kind of signal processing in radiocommunication.  In such 
cases, adaptive filtration [9], blind separation [3] or convolution methods with the inverse impulse response 
of the transmission channel [1] are most often used. These methods suffer from a one serious disadvantage 
i.e. the transmission channel must be stationary in a relatively long time. In the case of underwater 
communication, this condition can rarely be met. 

The structure of the article is as follows: the first part describes in detail the method of echo 
reduction using cepstral analysis. Further are presented results of simulation tests, the research laboratory 
stand and the results obtained from the tests in laboratory conditions. At the end, the results were discussed 
and the conducted works were summarized as well as further research directions were indicated. 

 

2. METHOD DESCRIPTION 

We assume that as a result of multipath phenomena, in the received signal, the transmitted signal and its 
echoes created by reflections of transmitted signal from underwater obstacles, have been added to each 
other. Delay of echoes depends on length of path of propagation and amplitude depends on material of 
obstacle. So we can write as follow: 

𝑥(𝑛) = 𝑠(𝑛) + ∑ 𝛼𝑖𝑠(𝑛 − 𝑛𝑖)𝑀
𝑖=1   (1) 

where: 𝑥(𝑛) – received signal, 𝑠(𝑛) – transmitted signal, 𝑛 – discreet time (sample), 𝛼𝑖  - the amplitude factor 
of the 𝑖-th echo, 𝑛𝑖 – delay of the 𝑖-th echo resulting from the multipath propagation, 𝑀 – the number of 
significant echoes of the transmitted signal. 

Developed method of echoes reduction based on observation that in result of cepstral analysis there 
are maxima corresponding to the echoes of original signal. The cepstrum is an inverse Fourier transform, of 
the spectrum of the signal expressed in a logarithmic scale, what can be written as follows [2, 8, 10]: 

𝐶�𝑥(𝑛)� = 𝐹−1 �𝑙𝑛 �𝐹�𝑥(𝑛)���  (2) 

where: 𝐹 – Fourier transform, 𝐹−1 – inverse Fourier transform. 
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The cepstrum contains components related to the echoes-free signal (later defined as original 
signal), as well as the components resulting from the presence of echoes. The components derived from 
echoes can be filtered by linear filtration methods. According to the conducted researches, in suggested 
solution we propose to filtrate only this components which corresponds to the appearance of individual 
echoes. It must be noted that result of cepstrum analysis is symmetrical to half the length of the signal being 
analysed. Components connected with occurring echoes appears on left and right side of cepstrum. 
According to the conducted research, only components on left side should be filtered. Because the 
information about echoes is not known in advance so filtration is made in two steps. Firstly, there are 
searched components with locally maximum values in a given range (chosen so as not to delete information 
about the original signal). In location of selected components the cepstrum is multiplied with inversed 
Hanning window with a given width (width of few components). It causes zeroing components 
corresponding to the appearance of echoes. Such modified cepstrum will be used to reproduce the signal in 
the time domain. Here we use the property that the cepstrum function is a reversible function. This process 
can be written as follow [2, 8, 10]: 

𝑥(𝑛) = 𝐶−1�𝑥(𝑛)� = 𝐹−1 �𝑒𝑥𝑝 �𝐹 �𝐶�𝑥(𝑛)����    (3) 

Figure 1 presents a block diagram of the system performing the operation of multipath effect 
elimination from the input signal. 

 

 

Figure 1 The block diagram of signal processing during echoes reduction 

 
Our research confirmed that the filtration process of selected components of cepstrum should be 

repeated several times (in investigated cases 3 to 5 times) to get the best result. 

Assessment of effectiveness of the developed method of echoes reduction will be carried out based 
on a comparison of channel impulse response estimates determined for the original signal (recorded) and 
after echoes reduction. In the impulse response of the hydroacoustic channel there are maxima, which 
correspond to the echoes of the transmitted signal which are reaching receiver as a result of the multipath 
propagation. The most important will be change of levels of significant echoes identified in channel impulse 
response. Estimation of hydroacoustics channel impulse response can be determined using pseudo-random 
binary sequence [4, 11]. The estimate of channel’s impulse response can be determined using module of 
cross-correlation function between the pseudo-random binary sequence and the received signal brought to 
baseband. The cross-correlation can be calculated according to the formula: 

𝑅𝑧𝑦(𝑘) = ∑ 𝑧(𝑛)𝑦∗(𝑛 − 𝑘)𝑁−1−|𝑘|
𝑛=0   (4) 

where: 𝑧(𝑛) – represents a pseudo-random sequence, 𝑦(𝑛) – received signal brought to the baseband.  

Based on (4) the estimation of impulse response of the hydroacoustic channel can be determined as 
follow [4, 11]: 

𝐼𝑅(𝑘) = ��∑ 𝑧(𝑛)𝑦𝑠∗(𝑛 − 𝑘)𝑁−1−|𝑘|
𝑛=0 �

2
+ �∑ 𝑧(𝑛)𝑦𝑐∗(𝑛 − 𝑘)𝑁−1−|𝑘|

𝑛=0 �
2

   (5) 

where: 

𝑦𝑠(𝑛) = 𝑥(𝑛) sin(2𝜋𝑓𝑛𝑛) (6) 

𝑦𝑐(𝑛) = 𝑥(𝑛) cos(2𝜋𝑓𝑛𝑛) (7) 
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where: 𝑓𝑛 – carrier frequency. 

During the researches, a sinusoidal signal modulated by a pseudo-random binary sequence PRBS 
with the use of BPSK (Binary Phase Shift Keying) modulation was used. In our research we are using Gold 
sequence as PRBS. 

As second assessment we will use statistical parameters which characterize constellation during 
digital data transmission. During research we will use Binary phase-shift keying (BPSK) modulation 
(sometimes called phase reversal keying PRK or two phase shift keying 2PSK) which is the simplest form of 
phase shift keying. We will use two phases 0 and 180 degree. During demodulation each symbol can be 
represented by a complex number, and the constellation diagram can be regarded as a complex plain with 
the horizontal real axis representing the in-phase (I component) carrier (cosine wave) and vertical imaginary 
axis representing the quadrature (Q component) carrier (sine wave). An ideal constellation diagram for BPSK 
will show two position of the point representing each symbol. But, because of noises, distortion, multipath 
propagation, carrier frequency change etc. during passing through communication channel, the values of 
amplitude and phase after demodulation may differ from the correct value for each symbol. It causes that 
point on constellation diagram, representing received symbols, will be offset from the correct position of 
symbol. If the aforementioned phenomena causes a significant dispersion, it can lead to a situation in which 
the point representing the symbol will be in the region represented by another symbol. In this situation 
demodulator will misidentify that symbol what results in an error [12]. One of the measures of dispersion is 
variance. We will determine this value only for I axis, because of used BPSK modulation, before and after 
echoes reduction what should shows the influence of presented above method on the possibility of correct 
data reception. To calculate this parameters we will use following formulas: 

𝜎𝐼2 = 1
𝑚
∑ (𝑦𝐼𝑐(𝑚) − 𝜇𝐼)2𝑀−1
𝑚=0   (8) 

where:  

𝜇𝐼 = 1
𝑚
∑ 𝑦𝐼𝑐(𝑚)𝑀−1
𝑚=0   (9) 

𝑦𝐼𝑐(𝑚) = |∑ 𝑦𝑐(𝑚 + 𝑙)𝐿−1
𝑙=0 |  (10) 

Where: 𝐿 – length of single symbol in samples.  

Moreover, we will determine coefficient of variation which is defined as the ratio of the standard 
deviation to the mean value: 

𝑣𝐼 = 𝜎𝐼
𝜇𝐼

 (11) 

This coefficient will show the extent of variability in relation to the mean value. The higher the coefficient 
of variation, the greater the dispersion and the worse the average representing the population, and therefore 
constellation has a lower cognitive value. 

All mentioned above parameters, estimated impulse responses and variations of in-phase components of 
constellation diagram as well as coefficient of variation, determined before and after echoes reduction should 
show the usability of the proposed echoes reduction method in hydroacoustic communication systems. 

 

3. RESULTS OF RESEARCH 

In the first stage of the research, to properly assess the correctness of the adopted solutions and to have the 
possibility to influence all parameters, controlled test conditions were prepared in a simulation environment. 
Simulation tests were carried out in the Matlab computing environment. The first task was to prepare test signal. 
Therefore, the results of measurement carried out under real conditions based on measurement of impulse 
responses of hydroacoustic channels were used [11]. For the selected estimation of impulse response the 
significant echoes were identified (figure 2). 
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Figure 2 Estimation of impulse response of hydroacoustic channel with marked significant echoes used 
during signal generation in simulation researches 

 
Knowing the delays as well as the level of the echoes amplitudes, a test signal was generated by 

simply summing the dispersed signals with the appropriate time delays and signal amplitudes. The signal 
was then subjected to an echo reduction process according to the method described above. The impulse 
response estimate was again determined for the result signal. Figure 3 shows the impulse response estimate 
before and after echo reduction. 

 

Figure 3 Estimation of impulse response for signals before and after echoes reduction 
 

Simulation studies allows us to follow the process of reducing echoes over time. Figure 4 shows how 
the impulse response changes as a result of the applied method.  

 

Figure 4 Changes in estimation of impulse response during echoes reduction process 
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As it is shown the level of significant echoes decrease 4 to 3 times relatively to signal before echoes 
reduction. Simulation tests were repeated for different carrier frequencies which changes in the range from 
10 kHz to 150 kHz. The results obtained were similar. This allows to draw the initial conclusion that the 
solutions adopted in the method of echo reduction are applicable.  

The next stage of the research was carried out in laboratory conditions. For this purpose, a 
measuring stand was prepared which consisted of the following elements: transmitting path: laptop with NI 
SignalExpress software, a NI USB-6259 multifunction I/O device, an Etec PA1001 power amplifier, and Reson 
TC4013 hydrophone; the receiving path: Reson TC4013 hydrophone, Reson EC6061 amplifier, NI-9222 
voltage input module, laptop with NI SignalExpress software [4]. The researches were carried out in the water 
tank which had dimension of (width × length × depth) 120 × 143 × 110 cm. The used water tank is a very 
difficult environment for data transmission in the hydroacoustic channel. This is due to strong reflections 
from the boundaries of tank and its small size, which results in short times of many echoes. 

In determining estimation of hydroacoustic channel impulse response we used Binary Phase Shift 
Keying (BPSK) modulated signals. The signal carrier frequency was changed between 10 kHz and 150 kHz and 
was modulated at a rate fsymb=25 ksymbols/sec by linear binary sequence of length 2047 bits. After recording 
received signal it was processed according to the described above method of echoes reduction. Figure 5 
shows chosen results of estimation impulse response before and after echoes reduction. Results of tests 
conducted for other carrier frequency were similar. 

 

Figure 5 Estimation of impulse response for signals before and after echoes reduction during laboratory 
condition researches 

 

As it is shown most of significant echoes level decrease almost 2 times. This suggests that the 
method works even in such difficult conditions as during laboratory tests. 

In the next step of the research, the influence of the described echo reduction method on the data 
transmission in the hydroacoustic channel was checked. Using the same measurement system we 
transmitted information organized as follow: first 14 bits were set as logical ones (synchronization bits) and 
next 140 bits was data bits. Data were transmitted using bandwidth from 10kHz to 120kHz. The assessment 
of the impact of the presented method on data transmission was based on a change in the variance of the I 
component as well as coefficient of variation. Figure 6 and 7 presents constellation for signal transmitted at 
carrier frequency equal to 100kHz and two bandwidth respectively: 10kHz and 90kHz. D
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Figure 6 Constellation before (blue colour) and after (red colour) echoes reduction during laboratory 
condition researches for transmission of data at carrier frequency of 100kHz and bandwidth 10kHz 

 

 

Figure 6 Constellation before (blue colour) and after (red colour) echoes reduction during laboratory 
condition researches for transmission of data at carrier frequency of 100kHz and bandwidth 90kHz 

 

As it is shown in Figure 5 and 6 the value of variation for I component as well as coefficient of 
variation has been lowered after multipath effect elimination. In the first case (bandwidth 10kHz) variance of I 
component decrease form value 28.9815 to 0.6949 and coefficient of variation decrease from value 0.3186 to 
0.2493. In the second case (bandwidth 90kHz) variance of I component decrease from value 0.3959 to 0.2479 
and coefficient of variation decrease from value 0.3557 to 0.2901. It must be noted that for transmission 
made in narrow band the improvement is much better. In general, it can be said that the described above 
method allows to reduce the dispersion of transmitted data, which improves the ability to distinguish 
between logical states of transmitted information. Thanks to this, one should expect a reduction in the 
number of errors in the transmitted data and thus an improvement in the quality of transmission. 
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4. CONCLUSION 

The article presents results of researches which concentrate on development and testing method of echoes 
reduction in signals transmitted by a hydroacoustic channel. The presence of echoes results from the 
occurrence of the phenomenon of multipath propagation and is undesirable for telecommunications 
systems operating in this environment. Long memory time of the channel causes significant inter-symbols 
interference.  

In the described solution we used cepstral analysis to reduce echoes. We conducted studies of the 
developed method at the beginning in simulation conditions and then laboratory conditions close to real. 
Evaluation of the correctness of the echoes reduction method was performed in two stages. In the first one, 
we assessed the impact on the impulse response of the channel, which, among other things, allows us to 
identify and measure specific echoes. In this study, it is clear that the echoes have been reduced as a result of 
the described method. In the second stage, we used the data transmission with the simplest BPSK 
modulation. In this case, we assessed the impact of the method on the obtained constellation. We made the 
assessment of the constellation based on statistical values, i.e. the variance and the coefficient of variation. As 
it is shown in presented results we have achieved an improvement in the transmission quality i.e. reduced 
dispersion of I components, after echoes reduction. It should be noted that in the case of increasing the 
bandwidth in which data transmission occurs, the impact of the method on the transmission quality 
decreases. This may result from overlapping spectra of echoes and inability to separate them (each data 
packet is the resultant value of all replicas arriving during the chip's duration of the modulating signal 
transmitted). Conducted experiments in laboratory conditions confirmed the usability of the echo reduction 
method according to the described method.  

Future research should concern the impact of echo cancellation parameters (number of peaks 
reduced in Cepstrum, number of reductions, reduction bandwidth, etc.) as well as real-time testing to 
confirm the suitability of this method in data transmission devices in the hydroacoustic channel. 

 

REFERENCES 

[1] Aylward R., Echo cancellation by deforming sound waves through inverse convolution, Transactions on the Built Environment, 
WIT Press 1997, vol 25, pp. 121-127.  
[2] Childers D. G., Skinner D.P., Kemerait R. C., The Cepstrum: A Guide to Processing, Proceedings of the IEEE 1977, Vol. 65, No. 10, pp. 
1428–1443. 
[3] Comon P., Jutten C. (editors): Handbook of Blind Source Separation: Independent Component Analysis and Applications, 
Academic Press, 2010  
[4] Kaczorek P., Studanski R., Zak A., Stand for determining the impulse response of a hydroacoustic channel [in Polish], Scientific 
Papers of the Faculty of Electrical and Control Engineering at the Gdansk University of Technology 2017, No. 57, pp. 33-36.  
[5] Kochańska I., Schmidt J.H., Estimation of Coherence Bandwidth for Underwater Acoustic Communication Channel, 2018 Joint 
Conference – Acoustics, IEEE 2018.  
[6] Kochańska I., Nissen I., Marszal J., A method for testing the wide-sense stationary uncorrelated scattering assumption fulfillment 
for an underwater acoustic channel, The Journal of the Acoustical Society of America 143, pp. EL116-EL120, 2018. 
[7] Kosanovic B., Echo Cancellation Part 1: The Basics and Acoustic Echo Cancellation [on-line] https://www.eetimes. 
com/document.asp?doc_id=1277615 [access] 02.09.2019  
[8] Oppenheim, A. V., Schafer, R. W., From Frequency to Quefrency: A History of the Cepstrum, IEEE Signal Processing Magazine 
2004, Vol. 21, Iss. 5, pp. 95–99. 
[9] Pushpalatha G. S., Mohan Kumar N.: Echo Cancellation Algorithms using Adaptive Filters: A Comparative Study, International 
Journal on Recent Trends in Engineering and Technology, Vol. 10, No. 2, 2014, pp. 36-43 
[10] Randall R. B., A history of cepstrum analysis and its application to mechanical problems, Mechanical Systems and Signal 
Processing 2017, Vol. 97, pp. 3-19. 
[11] Studanski R., Zak A., Results of impulse response measurements in real conditions, Journal of Marine Engineering and 
Technology 2017, Vol. 16, Iss. 4, pp. 337-343. 
[12] Wesołowski K., Basics of digital telecommunications systems [in Polish], WKŁ Warsaw, 2006 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl

	2. Baricevic, Poletan-Jugovic, Vilke
	3.3. Air traffic subsystem

	2. Baricevic, Poletan-Jugovic, Vilke
	3.3. Air traffic subsystem

	3. Batoš
	4. Bodnar, Praczyk
	5. Boren et al
	6. Buksa, Jugovic, Schiozzi, Oblak
	7. Car, Vujicic et al
	8. Czapiewska et al
	9. Dragojevic, Milosevic Pujo
	10. Dvornik et al
	11. Falkoni, Koboevic, Koboevic, Krajacic
	1. INTRODUCTION
	2. EMISSIONS FROM SHIPS
	2.1 Cruise ships
	2.2 Dubrovnik port

	3. ALL-ELECTRIC SHIP CONCEPT
	3.1 Electric batteries

	4. SHORE SIDE POWER
	4.1 Smart energy systems
	4.2 Opportunities for AES in smart energy system of the Dubrovnik region

	5. CONCLUSION

	12. German-Galkin,Tarnapowicz
	13. Glujic, Bernecic
	3. SIMULATING RESULTS ON KONGSBERG ENGINE ROOM SIMULATOR

	14. Hasanspahic, Vujicic, Campara, Hrdalo
	15. Hobjila, Rusu
	16. Hożyń, Praczyk, Szymak
	17. Ivosevic et al
	18. Jałowiec et al
	19. Jurczyk et al
	20. Jurdana et al
	21. Khaslavskaya, Roso, Sanchez-Diaz
	22. Kluczyk, Grzadziela
	4. RESULTS

	23. Kralj, Martinovic, Tudor
	24. Krile, Maiorov, Fetisov
	25. Krljan, Vilke
	26. Lorencic, Twrdy
	27. Maglic et al
	28. Makarova, Boyko, Gubacheva, Barinov
	29. Makarova, Gubacheva, Boyko, Buyvol, Shubenkova
	30. Malecki, Hozyn, Zak
	31. Marvucic, Kocan
	32. Milic Beran et al
	33. Mingaleva et al
	34. Mingaleva, Shorohova
	35. Mironiuk
	36. Miskovic et al
	37. Misura, Stanivuk, Balic, Racic 
	38. Mohovic et al
	39. Montwill
	40. Naus, Waz
	41. Nesteruk, Krile, Koboevic
	42. Orovic et al
	43. Rata, Rusu
	44. Roos
	45. Sandell
	46. Sang, Jung, Nguyen
	47. Stanivuk et al
	48. Stanivuk et al
	49. Stazic et al
	50. Sznajder, Flis, Piskur, Gasiorowski
	51. Sekularac Ivosevic, Milosevic
	52. Tam, Jones
	53. Vinh, Vang, Duong
	54. Vukicevic et al
	55. Vukicevic, Racic, Vukasinovic
	4. COST ARISING FROM THE DAMAGES CAUSED BY CATALYTIC FINES IN FUEL

	56. Vukic, Lusic, Pusic, Galic
	57. Vukovic, Misic
	3.3. Italy
	Concession period on maritime domain is regulated by Article 36 and Article 37 of Navigation Code (Codice della Navigazione) (Official Gazzette Gazzetta Ufficiale – GU, nr. 93 of 18/04/1942). According to Article 36(1) of this Code a concession on mar...
	According to the Article 37(1) of the Navigation Code if there is more than one concession bid, the bidder that gets priority is the one who can give better guarantees for profitable exploitation of concession and, at the same time, can suggest better...
	For the development of nautical tourism is very important the Ordinance on procedures of granting a concession on maritime domain for building constructions for nautical tourism (GU, nr. 40, of 18/02/1998). It is important for several reasons: i) a ne...
	Concession period for marinas is the longest, up to 50 years (Senato della Repubblica Italia, 2017), considering the time for amortization of investments in marinas and other nautical tourism ports.
	The Directive on Concessions is transposed in Public Contracts Code (Codice del Contratti Pubblici, GU, nr.91. of 19/04/2016.).
	4. CONCLUSION
	The exploitation of maritime domain is based on concession. The period of concession is defined in the contract between the concessionaire and the concession granting authority, based on decision to grant a concession. The extention of a concession pe...
	Directive on Concessions is a legal act of European Union that limits concession periods to the contract arranged periods. For concession periods longer than 5 years, the longest concession period won't exceed the period during which the concdessionai...
	Reaserch shows that different states – Croatia, Spain, France and Italy – transposed this Directive into their state laws in different moments. Spain was the last state to transpose it in the Public Procurement Act of 09/03/2018. The resistance has to...
	France and Italy, likewise Spain, regulated their concession periods and granted concessions for marinas for 50 years before transposing the Directive on concessions into their law systems. However, no matter how long concession periods really are, re...

	58. Zak et al
	59. Zellma et al
	60. Zgaljic et al
	61. CONTRIBUTORS
	0. uvodne stranice.pdf
	1st International Conference of Maritime Science & Technology
	NAŠE MORE 2019
	CONFERENCE PROCEEDINGS
	Maritime Department, University of Dubrovnik
	Faculty of Maritime Studies, University of Rijeka
	Dubrovnik, Croatia 17 – 18 October 2019
	CO-EDITOR
	Darijo Mišković, PhD
	GENERAL CHAIR
	Srećko Krile, PhD
	PROGRAMME COMMITTEE
	Mario Anžek, PhD, (Croatia) Hrvoje Baričević, PhD, (Croatia) Sanja Bauk, PhD, (Montenegro) Leszek Chybowski, PhD, (Poland) Andrzej Grzadziela, PhD, (Poland) Alen Jugović, PhD, (Croatia) Rudolf Kampf, PhD(Czech Republic) Serđo Kos, PhD, (Croatia) Srećk...
	ORGANISING  COMMITTEE
	Maro Ćorak, PhD, President of the Organizing Committee (Croatia) Darijo Mišković, PhD, Vice President of the Organizing Committee (Croatia) Dean Bernečić, PhD, (Croatia) Sandra Buratović Maštrapa, (Croatia) Vlado Frančić, PhD, (Croatia) Ivan Gospić, P...
	INTERNATIONAL SCIENTIFIC COMMITTEE
	ISBN 978-953-7153-52-6
	CIP






