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Abstract

Satellite-Derived Bathymetry (SDB) is one of the solution technologies for medium-scale bathymetry

mapping in large areas. Various basic algorithms for bathymetry extraction with SDB have been

developed. However, they require study and modification for different satellite imageries and different

regional characteristics. In this study, the researchers explore three basic SDB algorithms which are

often used, namely the Lyzenga algorithm, the Stumpf algorithm, and the Van Hengel & Spitzer (VHS)

algorithm. These three algorithms are modified using the multilinear regression method with the

‘average if’ function to find out the in-situ depth using Sentinel-2A satellite imagery. These three

algorithms can estimate the depth of shallow water bathymetry effectively up to a depth of 20 m. The

accuracy test on the extraction results of the modification of the three basic algorithms proves to be

able to increase the accuracy of the SDB depth estimation in the depth range of 0 – 20 m to an accuracy

of 1.888 m for the Lyzenga algorithm, 2.093 m for the Stumpf algorithm, and 2.868 m for the VHS
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The Extraction of Near-Shore Bathymetry  
using Sentinel-2A Satellite Imagery:  
Algorithms and Their Modifications 
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Nurhadi Bashit 1, Lutfi Rangga Saputra 2

1Department of Geodetic Engineering, Diponegoro University, Semarang, 50275, Central Java, Indonesia 
2Geospatial Information Agency, Cibinong, West Java, Indonesia 

Abstract - Satellite-Derived Bathymetry (SDB) is one 
of the solution technologies for medium-scale 
bathymetry mapping in large areas. Various basic 
algorithms for bathymetry extraction with SDB have 
been developed. However, they require study and 
modification for different satellite imageries and 
different regional characteristics. In this study, the 
researchers explore three basic SDB algorithms which 
are often used, namely the Lyzenga algorithm, the 
Stumpf algorithm, and the Van Hengel & Spitzer 
(VHS) algorithm. These three algorithms are modified 
using the multilinear regression method with the 
‘average if’ function to find out the in-situ depth using 
Sentinel-2A satellite imagery. These three algorithms 
can estimate the depth of shallow water bathymetry 
effectively up to a depth of 20 m. The accuracy test on 
the extraction results of the modification of the three 
basic algorithms proves to be able to increase the 
accuracy of the SDB depth estimation in the depth 
range of 0 – 20 m to an accuracy of 1.888 m for the 
Lyzenga algorithm, 2.093 m for the Stumpf algorithm, 
and 2.868 m for the VHS algorithm. 

Keywords - bathymetry, Sentinel-2A, near-shore, 
water depth. 
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1. Introduction

Coastal areas possess a highly important role in 
economic development for maritime countries. These 
areas have biological biodiversity and abundant 
economic activity so that they may serve as an 
economic booster [1]. The management of activities 
and development planning in coastal areas needs the 
support of good spatial data. One of the most 
important spatial data is near-shore bathymetry data. 
Bathymetry is important information about water 
depth and underwater topography [2]. According to 
Manessa et al., bathymetry data is important for ship 
traffic, conservation, coastal zoning, and other 
environmental issues [3]. 

In general, bathymetry maps are generated by a 
series of hydrographic surveys starting from tidal 
surveys to generalization using a single-beam 
echosounder or multi-beam echosounder mounted on 
a survey vessel to produce sea depth data. This 
method can generate very accurate bathymetry 
estimates, especially in clear seawater [4]. In 
addition, there is also an Airborne Lidar Bathymetry 
(ALB) technology. It can also measure sea depth 
effectively in the coastal zone [5]. However, both 
methods require quite expensive costs and are time-
consuming for a large area. Frankly, maritime 
countries need to update their bathymetry maps 
regularly. Therefore, this is a challenge, especially 
for maritime countries that have long coastlines, such 
as Canada, Indonesia, Denmark, Russia, and the 
Philippines. 

Remote sensing technology can be used as an 
alternative to obtaining bathymetry data, especially 
for shallow water [6]. This technique/method is 
known as Satellite-Derived Bathymetry (SDB). SDB 
can provide an opportunity to perform bathymetry 
mapping quickly, effectively, and efficiently [7]. In 
addition to the advantages already mentioned, SDB is 
also a method that does not require high costs in its 
operation to obtain water depth data over a large area 
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1. Introduction

This paper attempts to address key issues related to 
the presentation and disclosure of information in the 
financial statements of multinational enterprises. The 
aim of this paper is to explore issues of investment 
presentation, financial instruments, earnings 
disclosure indicators and software aspects of 
accounting for multinational enterprises.  
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The study is based on the public financial 
statements of the Solvay Group, which has been 
present in Bulgaria since 1997, with about 500 
employees working in four factories: Solvay Sodi, 
Provadsol, Devnya Varovik and Solvay Bulgaria. 

Solvay Sodi is the largest soda ash production 
plant in Europe, with a capacity of around 1.6 million 
tons per year. Provadsol's main activity is related to 
the production of brine (aqueous solution of sodium 
chloride - NaCl). Devnya Varovik produces the raw 
materials necessary to produce soda ash, cement 
production and the production of quarry building 
materials. Solvay Bulgaria EAD, as part of the 
Solvay Group, is responsible for the marketing and 
sales of soda ash, bicarbonate of soda and calcium 
chloride. 

2. Methods of Measuring and Presenting
Investments in Financial Statements

In international practice, different methods of 
valuation and presentation of equity investments are 
used depending on the percentage of the issuer's 
equity held by the investor. The differences in the 
methods are determined by the relationship between 
the investor and the entity whose shares are acquired. 

Where the investor acquires more than 50% of the 
voting shares of the undertaking whose shares are 
acquired, he may exercise control over that 
undertaking. In this case, the two undertakings are 
identified as parent and subsidiary undertakings. 
Such investments are presented in the financial 
statements by applying different methods of 
consolidation within the meaning of the IFRS 10 
Consolidated Financial Statements. In this way, the 
financial statements of two or more legally separate 
entities acting jointly in economic and financial 
terms are consolidated. The purpose of such 
consolidation comes down to the need to obtain 
information about the financial position, financial 
performance and changes therein of the entities 
operating as an economic group. 

In the practice of the developed countries, it is 
accepted that long-term investments in associates are 
a very significant part of the investment policy of the 
enterprises, and therefore these investments are 
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Abstract – Enterprise management is based on the need 
to make and justify management decisions that contribute 
to its development. It is almost impossible to determine 
the risk of a particular managerial decision, and excessive 
risk in the implementation of individual projects can lead 
to loss of business. Therefore, management faces the need 
to find a balance between benefits and risks, at which, on 
the one hand, it will be possible to develop a company 
and, on the other hand, adhere to postulates of safety-
oriented management. Since management decisions 
cannot be foreseen for all possible situations and 
combinations of risk-benefit ratios, a universal model is 
proposed. It implies a golden ratio, depending on the 
limited number of current conditions, that would satisfy 
an enterprise management from the standpoint of 
sufficient justification on a decision. The article proposes 
a probabilistic neural network architecture and Matlab 
parameters of a probabilistic neural network for 
diagnosing the states of a safety-oriented control system. 
The proposed model in the form of a probabilistic neural 
network generates a response to input data on previous 
month under estimation, and forms an optimal state for a 
next month. 
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1. Introduction

Economic development in most countries is 
characterized by instability in economic, political and 
other areas that directly affect the conditions of 
enterprises’ operation and performance. In turn, the 
crisis of external environment and imperfection of 
enterprise’ s internal processes is reflected in the 
system of their economic security, forcing 
management to seek new approaches to management 
and decision-making. One of such approaches is a 
safety-oriented approach, which is aimed not only at 
enterprise effectiveness, but also takes into account 
its safety operation. 

Safety-oriented management is not an end in itself 
of an organization, goals are determined by owners 
in accordance with a company strategy and vision of 
its basic processes’ development. The assertion of 
importance of economic security is beyond doubt in 
the face of emerging threats and dynamic changes in 
socio-economic situation in most countries. At the 
same time, the absolute leveling of economic 
efficiency is not entirely appropriate in conditions of 
high competition on the market. In this situation, in 
the context of the study, it is more appropriate to talk 
about a balanced approach between safety and cost-
effectiveness, taking into account specifics of 
markets and industries. 

In modern business conditions, it is incorrect to 
reject the task of ensuring the enterprise profitability, 
but in any case, the basis for decision-making and 
guidelines in the enterprise should be a combination 
of criteria to ensure both profitability and safety of its 
activities. 

The implementation of the concept of safety-
oriented management in practice involves 
compliance with its main provisions, considering it is 
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