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Abstract: In the article data fusion techniques for underwater environment modelling are
presented. For better understanding the problem, authors divided data fusion techniques
into three parts, in reference to the output information that needed to be obtained.

1. Introduction

The most important issue in the seabed bottom environment modelling is source of data.
There are several sensors by which relevant information can be collected. Data, acquired by
various hydrographic sensors, represents different in meaning references about seabed bottom
[1]. Hydrographic echosounder collected points of depth in the area of interests. This sensor is
using soundwaves to calculate the distance from echosounder’s transducer to the sea bottom.
Output data, that hydrographer obtained through this sensor, are high density information
consists of XYZ points [2] with very precise position from Global Positioning System Real
Time Kinematics (GPS RTK) and very accurate depth value. Final products are Digital
Terrain Modell (DTM) [3-8] or one of the Electronic Navigational Chart’s (ENC) layers —
bathymetry. The first mentioned processed output is taking into author’s further consideration.

Next hydrographic sensor refers to seabed bottom modelling is sonar. Sonar is also working
on soundwaves, but information that is collected, represents returning signal strength. On the
basis of the strength of the signal reverberation hydrographer is able to detect the objects
laying on the seabed bottom and may mark them as a potential obstruction. Also, is it possible
to measure the geometry of detected objects: length, width and its height. From environment
modelling point of view, sonar image is useful not only for the detection and specification of
the seabed lying object, which is of course the main purpose of this sensor. Final product, as
an output of processed sonar data — sonar mosaicked imagery, is also used as a complex
underwater geomorphological view of the area of interests. The modern sonars are working
on high frequencies, so images that are obtained presents underwater views in high quality
and with high resolution. Following hydrographic sensor which acquired data for seabed
environment modelling is marine magnetometer. This one collected information about
magnetic anomalies in the water area. By this kind of data, hydrographer can discriminate
buried under the seabed bottom ferrous features such as pipelines or marine mines and so on.
For further consideration of environment modelling, data representing magnetic anomalies
need to be processed into the final product such is magnetic anomalies distribution 3D map or
contour map. Sonar mosaicked imagery and magnetic anomalies map are usually supported
by high density bathymetry, due to weak position determination techniques. Both of the
sensors are usually towed overboard on the cable. This kind of acquiring data method is
commonly used in hydrographic surveying. The issue is in inaccuracy in determination of the
towfish position, which is obtained due to layback and offsets method. Inaccuracy in towfish
positon refers to inaccuracy in the position of detected underwater seabed lying or buried



objects. That is why high density bathymetry with very precise positioning measurements
provides enhancement.

2. Data fusion techniques for environmental modelling

The main purpose of this paper is to present data fusion techniques for underwater
environment modelling. For better understanding the problem, authors divided data fusion
techniques into three parts, in reference to the output information that needed to be obtained.
The first one is multi-sensor fusion, which fuses the data from various sensors. This
integration is commonly used in complex hydrographic systems, where signal from
positioning system, hydrographic transducers and other navigational and supported system
met. All of the data are fused into one enhanced and completed information set. This fusion
techniques is realized through statistic method such Kalman filters and probabilistic
techniques such as Bayesian networks. Aspects of sensor fusion were presented in [9-11].
Apart from numerical method very often for navigational data processing are use Artificial
Neural Networks (ANN) [12-18].

Next data fusion techniques is image fusion, which presumes integration of images of the
same area. In the authors considerations this fusion will assume final products that are
obtained from processed data sets from mentioned before hydrographic sensors — DTM from
echosounder, sonar mosaicked imagery from sonar images and magnetic anomalies
distribution 3D chart from marine magnetometer data. The image fusion consists of two
categories: pixel images and feature extraction. Important is that information in pixel differs
in meaning. In the DTM pixel represents information about depth; in mosaicked imagery,
pixel illustrates signal strength, by which it is possible to discriminate the seabed lying
objects; and on 3D magnetic anomalies map pixel points magnetic anomalies value, which
corresponds with information about buried ferrous feature. It is believed that images obtained
by different sensors, fused together through this techniques will provide significant
enhancement in the interpretation of the whole context of the underwater view. By this fusion
techniques, author's shows the one of the method of underwater environment modelling.
Image fusion supports also feature fusion. Considering three different sources of data, it is
possible to extract exactly and completely, with full specification, the underwater and buried
potential obstructions. In this paper feature fusion is also widely present. Knowledge about
seabed bottom environment with all information consisted of geomorphological view, 3D
terrain model and also complex specification of the underwater objects may support
information fusion, which falls on decision making and improvement of understanding the
whole context about underwater area. This fusion method combines processed outputs of each
sensor to create new, more informed product. Taking into consideration 3D terrain model
obtained from echosounder data, it is possible to establish the situation refinement: slopes or
flat areas. Discussion about information fusion cannot ignore sonar mosaicked imagery and
magnetic anomalies distribution 3D chart, by which it is possible to feature extraction by its
refinement: edge detection, boundary description and subtraction. All of this allows to feature
delineation with its specification, characteristic and dimensions. 3D charts are often use also
for sensor planning tasks [19-24].

3. Hydrographic data fusion for environment modelling

Mentioned above data fusion techniques gives the opportunity to seabed bottom environment
modelling. All of them: multi-sensor fusion, image fusion, feature fusion and information
fusion composed of the underwater situation falls on decision fusion, situation assessment and
experts’ opinions. The whole concept of hydrographic data fusion is presented in [1]. For the
purpose of this essay, authors focused on image and information fusion techniques for
environment modelling. Image fusion presumes integration of different images of the same
area. In the authors considerations this fusion will assume final products that are obtained



from processed data sets, mentioned before — DTM, sonar mosaicked imagery and magnetic
anomalies distribution 3D chart. Important is that information in particular pixel in every
image differs in meaning. In the DTM pixel represents information about depth; in mosaicked
imagery — pixel illustrates signal strength, by which it is possible to discriminate the seabed
lying objects; and on 3D magnetic anomalies map pixel points magnetic anomalies value,
which corresponds with information about buried ferrous feature. Further, authors
demonstrate hydrographic data fusion concept divided into 2 steps: image fusion with feature
fusion and information fusion

3.1. Image fusion

Image fusion algorithms should satisfy the requirements: preserve all relevant and important
information in the fused image; suppress the noises and negligible areas of the image and
minimise any inconsistencies in the fused image [25]. Image fusion is commonly and widely
used in many fields of research areas, such remote sensing, medical imaging, avionics [26].
Image fusion can be considered as a pixel fusion and feature fusion. Pixel fusion presumes
merging images pixel by pixel and fused image is combination of considered individual pixel
values or small regions of pixels. Pixel-based fusion algorithms are widely described in [25].
Spatial image fusion is a method which combines pixel values of the input images in linear or
non-linear way [25,27]. When images in grey scale need to be fused, colour fusion method
can be used. In fused image, objects from input images will appear in other colours. For
remote sensing imagery, such hydrographic imagery is, colour fusion uses Principle
Component Analysis (PCA) techniques. Multi-resolution (MR) image fusion presumes
transforming all input images from normal image space into other domain, applying an MR
transform — such wavelets or pyramids. Input images are fused with usage of some defined
fusion rules, and output image — fused image — is reconstructed [25,27]. Pyramid transforms,
such Laplacian, contrast, Gaussian are based on the type of filters that they used. These
method can show some problems with input images that are noisy, as a noise tends to have
higher contrast [25,27]. Figure 1 illustrates a concept of pixel-based image fusion scheme
using pyramids.
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Figure 1.The pixel-based image fusion scheme using pyramids (source: own studies based on [25])

3.2. Feature fusion

Image fusion supports also feature fusion. Considering three different sources of data, it is
possible to extract exactly and completely — with full specification, the underwater seabed
lying and buried underneath the seabed, potential obstructions. For feature fusion opportunity,
decomposition of every input image is needed. One, of this kind of fusion method, is wavelet
based method. Its main concept is to discriminate and extract the details from one image and



put it into another [28]. Wavelet algorithm presumes several levels of image decomposition
such as joint, separate, segmentation, and then — using proper fusion rules composite fused
image, relays on wavelet coefficients [25,27,28]. Figure 2 demonstrates the concept of feature
fusion algorithm.
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Figure 2. Feature fusion scheme (source: own studies)
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Figure 3. Information fusion scheme (source: own studies)

3.3. Information fusion

The main goal of information fusion is to combine various information to obtain a single
composite of potential comparable alternative solutions that can be classified and ranked [29].
The concept of information fusion presumes, that the data must be comparable and numerical;
inexactness in data must be taken into consideration; an appropriate aggregation function to
integrate values into a single set must be selected [29]. Thus, information fusion is a multi-
level process of combining different data to produce fused information. In information fusion
which is mainly based on decision making, the pre-processed outputs of each single source
are fused to create a new interpretation. Usually, for information fusion purposes ANN
models is widely used. Neural networks require an input learning set to identify set of
parameters of a network referred to as weight [28]. This technique is able to predict, analyse
and interfere information from a given data without need of using mathematical solutions.
This makes the neural networks very attractive as a technique of hydrographic image fusion
as the nature of variability between images is subjected to change every time a new
hydrographic sensor is used [28]. Figure 3 represents the scheme of information fusion
proposed by authors.



4. Conclusions

The paper discusses the hydrographic data fusion techniques for underwater environment
modelling. Hydrographic data fusion methods are single out into three steps: image fusion,
feature fusion and information fusion. Knowledge about seabed bottom environment with all
information, which is consisted of: geomorphological view, 3D terrain model and also
complex specification of the underwater objects, may support information fusion, which falls
on decision making and improvement of understanding the whole context about underwater
area. Presented fusion method combines processed outputs — final products, of each
hydrographic sensor to create new, more informed one. Image fusion takes into consideration
three kind of hydrographic images: 3D terrain model obtained from echosounder data, it is
possible to establish the situation refinement: slopes or flat parts of the area. Sonar mosaicked
imagery and magnetic anomalies distribution 3D chart, by which it is possible to feature
extraction by its refinement: edge detection, boundary description and subtraction. All of this
allows to feature delineation with its specification: characteristics and dimensions. Mentioned
above data fusion techniques gives the opportunity to seabed bottom environment modelling.
It is believed that images obtained by different sensors, fused together through this techniques
will provide significant enhancement in the interpretation of the whole context of the
underwater view and for underwater environment modelling. All of them: multi-sensor fusion,
image fusion, feature fusion and information fusion composed of the underwater situation
falls on summarize information, extract useful information, support decision-making,
situation assessment and experts’ opinions.
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